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Uaohed  bg  the  Hautt  of  lUprttenUilitet  (the  Senate  eoHCurring),  That  there  be  printed 
of  tbe  Report  of  tlie  Smithsonian  iDstitntion  and  Natioual  Museum  for  the  ye«ra 
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tbe  House  of  Bepreseutstives,  and  7,000  for  tbe  nee  of  tbe  Smithsonian  Institutioo. 
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LETTER 


FROM  THE 


SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 


The  annual  report  of  the  Board  of  RegenU  of  the  Itutituti4m  to  the  end  of 
June,  1S89. 


Shithsonuk  Institution, 
Washington,  D.  C,  July  i,  1889. 
To  the  Congress  of  the  United  States  : 

III  accordance  witU  scctiou  5593  of  the  Revised  Statutes  of  the  United 
States,  I  have  the  honor,  in  belialf  of  the  Board  of  Begents,  to  submit 
to  Congress  the  annnal  report  of  the  operations,  expenditures,  and  con- 
dition of  the  Sinithaoaian  lustitutiou  fur  tho  year  ending  Jane  30, 1889. 
I  have  thu  honor  to  be,  very  respectfully,  your  obedient  servant, 
S.  P.  Lanoley, 
Secretary  of  Smithsonian  iTistitution. 
Hon.  Lbvi  p.  Mobton, 

President  of  the  Senate. 
Hon.  Thomas  B.  Eeed, 

S^pedker  of  the  Souse  of  B^resentatives. 
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ceipts and  expeoditnres  for  the  year  188S~'89. 

3.  Annual  report  of  the  Secretary,  giving  an  account  of  the  operations 
and  condition  of  the  Institution  for  the  year  lS8S-'89,  with  statistics 
of  exchanges,  etc. 

4.  Qeneral  appendix,  comprising  a  selection  of  miscellaneous  memoirs 
of  ioterest  to  collaborators  and  correspondents  of  the  Institution, 
teachers,  and  others  engaged  in  the  promotion  of  Imonledge. 
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Present:  Cliief  Justice  Melville  W.  Full&b,  Hod.  J.  J.  Inoalls, 
floD.J.  S.  MoBRiLL,  Hod.  S.  M.Ovllou,  Hod.  B.  L.  Gibson,  Hon.  U.' 
8.  Coi,  Hon.  W.  W.  Phklps,  Hod.  Jos.  Wheelek,  Dr.  Henby 
GoFP^B,  Dr.  James  0.  Wellino,  Geueral  M.  C.  Meiqs,  aod  the  Sec- 
retary, Mr.  a.  P.  Lanolby. 

Uii  motion  of  Mr.  Morrill,  Mr.  iDgalls  was  called  to  the  chair. 

EtCQses  for  nou-attendance  were  read  from  Dr.  Noah  Pobteb  and 
Dr.  J.  B.  Angell,  aod  the  Secretary  stated  that  Dr.  A.  D.  White  whs 
oui  of  the  country. 

The  journal  of  proceedings  of  the  Board  of  the  regalar  anuual  meet- 
ing of  January  11  au<l  the  special  called  meeting  of  March  27, 1888, 
was  read  and  approved. 

The  Secretary  stated  tliat  sioce  the  last  annual  meeting  the  death  had 
occQrred  of  ooe  of  the  most  distJDgaisbed  and  useful  members  of  the 
Doan),  Dr.  Asa  Ubay,  and  it  was  proper  that  some  expressioD  be  made 
bf  the  Boartl  iu  regard  to  the  loss  it  had  sustained. 

Dr.  Copp4e,  in  afew  eulogistic  remarks  on  the  late  Dr.  Gray,  portrayed 
bis  character  and  particularly  his  active  usefulness  as  a  Begent,  aud 
thoQgbt  the  expression  of  the  feeling  of  every  ooe  of  his  associated 
Bhoald  be  placed  upQU  the  permanent  records  of  the  InstitutioD.  On  bis 
motion,  it  was 

Resolved,  Tbat  a  committee  of  three  be  appointed,  of  which  the  Sec- 
retary shall  be  cbairmau,  to  prepare  and  record  iu  our  proceedings  a 
resolation  expressing  the  »entimf  nts  of  the  Board  upon  the  loss  of  Pro- 
fessor Gray. 

The  Chair  appointed  Prof.  S.  P.  Langley,  Dr.  Copi>6o,  and  Dr.  Well- 
ing as  the  committee,  which  subsequently  reported  the  following : 

THE  LATE  DOCTOB  ASA  GBAV. 

It  is  rarely  indeed  that  the  departure  from  this  life  of  e.ay  man  pro- 
duces so  profoand  and  so  geueral  a  sense  of  peisoiial  loss  as  has  fol- 
lowed the  death  of  our  friend,  Dr.  Asa  Gray.    His  associates  in  the 
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Board  of  Begeuts,  his  cotnpanioDS  in  scientific  research,  and  the  great 
body  of  younger  men  who  looked  up  to  him  as  their  master,  have  all 
been  made  to  realize  that  Bomethiog  has  gone  from  the  world  which 
can  ill  be  spared,  and  that  their  own  lives  have  lost  a  part  of  that  which 
made  up  their  fuUuess. 

TJpon  the  Smithsonian  Institution  his  loss  falls  with  particular 
weigLt,siDce  his  active  interest  in  its  welfare  is  almost  continuous  with 
its  existence,  for  be  was  one  of  the  Committee  of  the  American  Acad- 
emy of  Arts  and  Sciences,  the  report  of  which  upon  the  "  plan  pro- 
posed for  the  organization  of  the  Smithsonian  Institution,"  rendered  in 
1847,  has  exercised  so  active  an  influence  upon  the  subsequent  history 
of  this  establishmeut. 

Appointed  a  Regent  in  January,  1874,  to  succeed  Prof.  Lonts  Agas- 
siz,  his  efficient  and  active  interest  in  the  welfare  of  this  Institution 
has  been  one  of  its  most  valuable  possessions,  and  it  is  with  deeper 
feeling  than  fbrmal  resolutions  of  regret  nnsually  convey  that  we  now 
endeavor  to  express  some  part  of  our  sense  of  irreparable  loss. 

Dr.  Gray's  scientific  reputation,  while  literally  world-wide,  was  nat- 
urally greatest  in  his  own  country,  for  it  is  he  who  lias  made  the 
botanical  world  acquainted  with  probably  nearly  three-fourths  of  the 
forms  that  grow  on  this  northern  continent ;  and  in  this  country,  when 
everything  was  referred  to  bis  Harvard  Herbarium  and  to  his  jadg- 
meiit  and  classification,  aa  the  final  court  of  appeal,  he  occupied  a 
unique  position  as  priest  and  pontiff  of  American  botany.  Hie  botanical 
labors  are  otherwise  too  familiar  to  need  rehearsal  here,  hut  it  is  not 
perhaps  so  generally  known  that  he  was  an  honored  sponsor  at  the 
birth  of  the  Darwinian  Theory.  lu  this  constant  correspondence  wilh 
its  illustrious  author.  Dr.  Gray  elicited  the  frequent  expression  of  an 
admiration  as  hearty  as  it  was  sincere;*  and  inEuroi>e  as  well  as  in  this 
country  our  friend  was  recognized  rather  as  the  colleague  than  as  the 
disciple  of  the  great  English  naturalist. 

As  another  distinguished  botanist  has  said  of  him,  in  speaking  on 
this  same  subject,  "  Wherever  it  was  known  that  Asa  Gray  saw  noth- 
ing sinister,  nothing  dangerous,  in  the  teachings  of  Darwin,  those 
teachings  were  stripped  of  all  their  terrors.  The  impossibility  that 
such  a  man,  so  eminent  in  science,  so  clear  in  his  conceptions,  so  pure 
in  bis  morals,  and  so  steadfast  in  his  faith,  could  pass  judgment  upon  a 
work  that  be  had  not  thoroughly  examined,  or  favor  a  doctrine  that 
could  he  productive  of  evil,  was  apparent  to  all  who  knew  him,  eind  to 
the  full  extent  of  Dr.  Gray's  wide  influence  throughout  the  world,  the 
works  of  Charles  Darwin  were  stricken  firom  the  index  ej^wgatoriiu 
and  admitted  into  the  family  circle  as  safe  hooks  for  all  to  read. 

Bather  with  the  desire  that  a  permanent  record  shall  be  made  of  tlie 

*  ■'  I  said,  in  a  former  leLter  that  you  were  a  lawj-er,  but  I  made  groas  mistake.  I 
am  sure  that  you  are  a  poet,— no,  I  will  tell  jou  wliat  yon  are:  a  hybrid,  a  earn- 
plex  crOBe  of  lawyer,  poet,  uaturaliRt,  and  theologian  I  Was  then  ever  •uoh  a  won- 
eler  seen  beforer    (Darwiu  to  Oray,  September lO,  I860.)         v  .Ol^)i^lL 
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appreciatiOQ  in  wliich  this  Board  holds  its  departed  associate  than  in 
any  expectation  that  formal  action  can  adeqaat«ly  express  its  sense  of 
the  great  loss  that  we  personally  feel,  and  that  this  lustitntion  has 
ezperienned,  your  committee  submits  the  following  resolutions; 

Whereas  the  members  of  the  Board  of  Regents  of  the  Smithsonian 
Institniion  have  been  called  upou  to  mourn  the  death  of  their  distin- 
guished colleague,  the  late  Dr.  Asa  Gray,  who  has  been  actively  iuter- 
esled  iu  the  welfare  of  the  Institution  from  it«  beginning,  and  who  held 
for  fifteen  years  the  office  of  Regent,  with  great  advantage  to  the  In- 
stitution :  Therefore,  be  it 

Betolved,  That  with  a  high  appreciation  of  Dr.  Gray's  most  eminent 
labors  iu  the  development  of  all  scientific  tmth,  and  especially  iu  the 
advancement  and  popularization  of  the  study  of  botany ;  with  a  grate- 
ful sense  of  the  service  he  has  rendered  to  the  Smitbsouiau  Institution, 
and  with  reverence  for  his  pure  life,  we  record  our  admiration  of  the 
Cliristian  character  in  which  the  truths  of  science  were  all  seen  in  the 
same  light  that  shone  on  a  life  of  steadfast  faith. 

Setolved,  That  we  mourn  not  only  the  great  investigator,  the  teacher 
and  the  associate,  whose  single  mind  found  outward  expression  iu  a 
manner  so  well  remembered  in  its  simple  and  iifdeflnable  charm,  but 
that  above  all  we  grieve  for  the  loss  of  a  ^end. 

Bemlved,  That  this  preamble  and  the  resolutions  be  spread  ou  the 
miuntes  of  the  Board  in  respectful  tribute  to  tbe  memory  of  our  vener- 
ated colleague,  and  that  a  copy  be  transmitted  to  his  family  in  token  of 
the  share  we  take  in  their  bereavement. 

The  Secretary  stated  that  having  learned  from  tbe  widow  of  Dr.  Gray 
that  she  needed  about  eighty  copies  of  the  second  part  of  tbe  "  Flora 
of  North  America,"  by  her  husband,  which  had  beeu  published  by  tbe 
Smitbsouiau  Institution,  to  complete  the  sets  iu  her  possession  and  ren- 
der them  available,  he  had  ventured  in  the  name  of  the  Regents  to  fur- 
nish these  desired  volumes,  and  had  taken  tbe  occasiou  to  express  their 
ooutinued  interest  iu  the  result  of  tbe  labors  of  their  late  colleague; 
for  which  Mrs.  Gray  had  asked  bim  to  express  her  very  sincere  thanks. 

Tbe  chairman  announced  the  election  by  joint  resolution  of  Oongress, 
approved  by  the  President  February  15, 168S,  of  Dr.  Andrew  B.  White, 
of  the  State  of  New  York,  as  Uegent  for  the  term  of  six  years,  to  fill 
tbe  vacancy  occasioned  by  the  death  of  Dr.  Gray. 

The  chair  then  announced  as  the  next  business  in  order,  tbe  election 
of  Chancellor, 

On  motiou  of  Mr.  Oox,  Chief-Justice  Melville  W.  Fuller  was  unani- 
mously elected  Chancellor  of  the  Institution. 

Mr.  Fuller,  in  accepting  the  office,  after  thanking  the  members  of  the 
Board  for  the  compliment,  expressed  his  desire  to  promote  the  objects 
of  the  Institution,  in  whose  welfore,  be  was  well  aware,  tbe  late  chan- 
cellor, Chief-Justice  Waite,  bad  such  great  interest,  and  he  earnestly 
hoped  that  be  should  be  able  to  discharge  bis  duties  with  as  much  fidel- 
ity and  success. 

Dr.  Welling,  chairman  of  the  Executive  Committee,  presented  its 
annual  report  for  tbe  year  ending  June  30,  1888;  which  was  readraDd 
accepted.  '      ^^ 
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On  motion  of  Mr.  Oox  it  was — 

Resolved,  That  the  income  of  the  lostitntion  for  tbe  fiscal  year  end- 
iug  June  30, 1890,  be  appropriated  for  the  service  of  the  Institution,  to 
tbe  expended  by  the  Secratary,  with  the  advice  of  the  executive  com- 
imittee,  npon  the  basis  of  the  operatioos  described  in  the  last  anuQal 
Tcport  of  Said  committee,  with  toll  discretion  on  the  part  of  the  Secre- 
tary ae  to  items  of  expenditures  properly  falling  under  each  of  the 
•heads  embraced  in  the  established  conduct  of  the  Institution. 

Tbe  Secretary  presented  his  annual  report,  which  in  accordance  witb 
the  rales  of  the  Board  had  been  printed  and  distributed  in  advance  to 
tbe  members.  He  expressed  his  readiness  to  make  additional  explana- 
tions or  remarks  in  regard  to  any  part  of  tbe  operations  of  tbe  Instita- 
tlon. 

Mr.  CuUom  inquired  as  to  the  Zoological  Park,  and  the  prospect  of 
its  establishment.  He  expressed  great  interest  in  tbe  pnyeet  and  hoped 
it  would  speedily  be  realized. 

Tbe  Secretary  briefly  urged  tbe  importance  to  science  of  the  measure, 
as  tbe  means  of  rescuing  from  speedy  extinction  some  of  the  animals 
which  formerly  inhabited  this  continent  in  vast  numbers,  and  ex- 
pressed bis  fearthatif  the  land  was  not  now  secured  (which  in  itsnat- 
nral  state  was  pre-eminently  fitted  for  the  Park)  within  a  year,  so-called 
"improTements"  would  entirely  destroy  its  character  and  adaptability. 

General  Meigs  stated  that  thirty  years  ago  he  had  pointed  out  to  tbe 
Government  the  desirability  of  securing  the  Rock  Ureek  region  for  a 
public  park,  and  the  land  could  then  have  been  procured  for  an  insig- 
nificant sum. 

After  a  general  expre^ion  of  opinion  by  the  Regents  in  favor  of  the 
proposed  Zoological  Park,  the  members  of  the  Board  in  the  Senate  and 
Bouse  were  requested  to  nrge  tbe  passage  of  the  bill  by  Congress  as 
speedily  as  possible. 

The  Secretary  stated  that  a  reference  had  been  made  at  tbe  last  an- 
nual meeting  of  a  bill  introduced  in  the  Senate  December  12, 1887,  for 
the  erection  of  a  bronze  statue  of  tbe  late  Professor  Baird.  This  bill 
bad  passed  the  Senate  unanimously  February  9, 1888,  and  was  referred 
in  the  House  to  tbe  Committee  on  Library,  which  bad  not  made  a  re- 
port. 

Mr.  Cox  stated  that  if  the  bill  came  np  for  action  in  the  House  he 
bad  no  doubt  it  would  be  favorably  acted  on. 

The  Secretary  made  the  following  remarks : 

The  Smithsonian  contribution  to  the  Library  of  Congress  now  con- 
sists of  over  a  quarter  of  a  million  titles,  forming  a  collection  of  its 
kind  absolutely  unequaled  in  the  world,  created  mainly  out  of  the 
Smithsonian  income  and  practically  a  donation  to  tbe  General  Govern- 
ment. Further,  nearly  a  quarter  of  the  Smithsonian  yearly  income  is 
indirectly  devoted  to  tbe  increment  of  this  great  collection. 

It  bad  been  hoped  that  this  collection  would  have  been  kept  iu  a  hall 
distinct  from  other  books  in  the  Library  of  Cougfresa,  batUie.exigea' 
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r  mi  the  deaaod  oo  the  Librarian  ba\'e  causeil  it  oot  (Hily  to  be 
iato  iiisiiffici«Dt  space,  bat  Id  an  inauce ssible  room,  so  that  the 
B  is  BOt  SMD  and  in  no  way  recalls  the  source  or  its  coDtribo- 
1  to  the  general  public  its  very  existence  is  anknown. 
B  aew  Ubrar;  of  Congress  bniltling  adequate  ^>ace  will  pre- 
Uj  be  provided  for  its  preservation  and  increase,  bat  if  it  seems 
ft  to  the  Bc^eats  that  a  distinct  ball  or  halls  shall  be  devoted  to  it. 
aid  tkat  tbej  shall  also  in  their  ooustraction  and  decoration  not  only 
be  wortky  of  the  contents,  bnt  recall  that  the  collection  is  due  to  the 
]  fnnd,  the  folloviDg  resolution  is  sabmitted : 
,  That  since  the  Smithsonian  deposit  now  oambers  over 
2S0.OM  titles,  and  is  still  increasing  at  the  cost  of  the  Institation,  it  is, 
in  the  opinion  of  the  Regents,  desirable  that  in  the  new  building  for 
the  Libcary  of  Congress  snfficient  provision  shall  be  made  for  its 
MCOHBodation  and  increase  in  a  distinct  hall  or  halls,  worthy  of  tlie 
colleetioDs,  ami  sach  as,  while  recalling  to  the  visitor  the  name  of 
Sfflitfaaon,  shall  provide  such  facilities  for  those  consaltiug  the  volumes 
as  will  aid  in  his  large  purpose  of  the  diffusion  of  knowledge  among 
men. 
On  motioa  of  General  Heigs,  the  resolution  was  adopted. 
The  Secretary  called  the  attention  of  the  Board  to  the  act  r«cently 
passed  by  Congress  (approved  by  the  President,  Janaary  4, 1889),  to 
incorporate  tbe  American  Historical  Association,  and  providing  that 
said  association  sball  report  annoally  to  the  Secretary  of  the  Smithson- 
ian Institution  its  proceedings,  etc.,  who  at  his  discretion  shall  com- 
municate tbe  same  to  Congress,  and  further  anthorizing  the  Kegentsof 
the  Institution  to  receive  ou  deposit  the  collections,  papers,  etc.,  of  the 
said  association. 
On  motion  of  Hr.  Onllom,  it  was 

Sttotved,  That  the  American  Historic^  Association  be  and  hereby  is 
permitted  to  deposit  its  collections,  manuscripts,  boolis,  pamphlets,  ami 
other  material  for  history  in  tbe  Smithsonian  Institution  or  in  the  Ku- 
tional  Moseam,  in  accordance  with  the  provisions  of  the  act  of  iucor 
poration,  and  that  the  conditions  of  said  deposit  shall  be  determined 
by  the  Secretary,  with  the  approval  of  the  executive  committee. 
On  motion  of  Mr.  Cnllom,  the  Board  atyoarned  sine  die. 
H.  His.  224 II 
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KEPORT  OF  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OF  REGENTS 
OF  THE  SMITHSONIAN  INSTITUTION. 

(For  the  year  ending  30th  of  Jnue,  1SS».) 


To  the  Board  of  Regents  of  the  Smithsonian  Institution  : 

Toor  Ezecative  Committee  reapectfally  submits  the  foUowiog  report 
in  relation  to  the  fuDdB  of  the  lustitatiOB,  the  appropriations  by  Gon- 
grees  for  the  NatiODal  Muaenm  aod  other  purposes,  and  the  receiptu  and 
eipenditores  for  the  iDstitation  and  the  Museum  for  the  year  ending 
Jane  30, 1889 : 

Condition  of  the  /tind  July  1, 1889. 

The  amount  of  the  beqaest  of  James  Smithsou  deposited  in  the 
Treasury  of  the  United  3tates,  according  to  the  act  of  Congress  of 
August  10,  1816,  was  $515,IC9.  To  this  was  added  by  authority  of 
CoDgrese  (act  of  February  8,  1867)  the  residuary  legacy  of  Smithson 
and  savings  from  annual  income  andother  sources,  $134,831.  To  this 
tl,000  have  been  added  by  a  beqaest  of  James  Hamilton,  (500  by  a 
beqaest  of  Simeon  Habel,  and  (51,500  as  the  proceeds  of  the  sale  of 
Virginia  bonds  owned  by  the  Institution,  making  in  all,  as  the  perma- 
nent Smithsonian  fund  in  the  United  States  Treasury,  $703,000. 

Statement  of  the  receipts  and  expenditures  of  the  Smithsonian  Institution 
July  1, 1888,  to  June  30,  1889. 

RBCBIFTe. 

CwhonhMdJaly  1,  1888 $4,809.23 

InhMitonfandJuly  1,1888 $21,000.00 

lUmrt  on  fund  Janaary  1,  1889 SI, 090. 00 

42,180.00 

$46,980.23 

Ctihlrom  uleBof  pnblications 431.82 

Cub  from  tepaymenU  of  freight,  etc 3,328.71 

3,760.53 

Tout 50,749.76 


BEPORT  OF  THE  EXECUTIVE  COMMITTEE. 


Baildingi 

RepftiM,  can,  and  impTOTemeDts |2,d96. 11 

Fnniitnn  and  flstarei 1.147.09 

W,(M3.20 

a«neralexpei]Bm: 

H«etiDKa 212.00 

Postage  and  telegraph 30r.71 

SUtionery 707.96 

General  printing 602.11  i 

IncidentalB  (rnel,  gas,  stable,  etc) 3,118.11 

Library  (booke,  petiodiuala,  etc) 1,360.33 

SalartcB I>*.a20.74 

24,198.98 

Publications  and  research: 

Smithaonian  ContribiitioDa (99.22 

HigcellaneonB  Colleelions 4,240.14 

Beporta. 1.034.20 

Laboratory 6.68 

Apparatns 1,842.68 

EipIoratioDB 329.21 

Huaenm see.ai 

8,420.12 

Literary  and  acientiflc  exchanges 2,3'J9.99 

Total  eipendituroa |38.99a» 

Balance  nneipendoa  Jane  30,  1S89 #ll,!57.fl 

Tbe  cosh  receireil  front  salea  of  publicationB,  repayments  for  flight, 
etc.,  ia  to  be  credited  on  items  of  expenditnre,  as  follows : 

Postage  and  telegrapb  ..,.„.. r      P>.^ 

Incidentals Bl.M 

Library  (books,  periodicals,  etc) K-SO 

Salaries 745.00 

Smitbeonian  Cootribationa #91.03 

Miseellaneoua  Collections 316.68 

Smithsonian  reports 24. 11 

431.  ffi 

Mnseum .'. 25T.S 

Exchanges 2,I89.K 

$3,760.55 

The  net  expenditures  of  the  Institution  for  the  year  ending  June  30, 
1881),  were  therefore  «3S,231.76,  or  $3,760.63  less  than  the  grosa  ex 
penditure,  (38,992.20,  hb  above  given. 

In  addition  to  the  aggregate  of  $18,820.74  paid  for  salaries  as  shown 
ia  the  above  statement,  the  following  amounts  were  paid  for  aataria 
or  compensation  for  services  : 

For  bnllding #1,500.00 

For  exchanges IW.50 

Foe  library 413.36 

n,.„„,  Google""*™* 
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All  the  moneys  received  by  the  Smithsonian  Institation  from  inter- 
eat,  sales,  refuodiug  of  moneys  temporarily  advanced,  or  otherwise, 
are  deposited  with  the  Treasarer  of  the  United  Statea  to  the  credit  of 
the  Secretary  of  the  Institution,  and  all  payments  are  made  by  his 
checks  on  the  Treasurer  of  the  United  States. 

Tour  committee  also  presents  the  following  statements  in  regard  to 
appropriations  and  expenditures  for  objects  introsted  to  the  care  of 
the  Smithsonian  Institation  by  Congress : 

INTERNATIONAL  EXCHANGES. 
Appropri»tion  by  Coogren  for  the  flacal  7ear  endiog  Jane  30,  1849,  "  for 
expensea  of  the  sjBtein  of  inlemktioDal  excbanges  l>etweeD  the  United 
Sulea  and  foreign  coantriea,  nnder  the  direction  of  the  SmithaoDian 
InititntioD,  inclnding  uUrles  or  compeDsatioD  of  all  necessar;  em- 
plojd*,"  fifteen  tbODMiid  dollars.  (Snudr;  civil  act,  October  2,  1888 ; 
public  307, p.  97).   115,000  00 

Eiptmdiluret  during  Ike  fiMcal  year  1888-'^. 

Salariw  or  compenaation  : 

1  curator,  nine  moDlha  eight  da;a,  at  1175  per  nionth $1,6^1.67 

lcimlor,oneiDODthBevraleeadaja,Bl,|aOe4.33periDODth  .  3^58 

I  clerk,  twelve  moDthB,  at$l50per  niontb 1,800.00 

1  clerk,  aix  montha,  at  |110 per  month;  I  clerk,  ais  moDtha, 

at  |100  per  month 1,260.00 

1  clerk,  aix  (uootha,  at  $80  per  month;  1  clerk,  eix  months, 

at  $75  per  month 930.00 

1  clerk,  nine  and  one-half  months,  at  |T5  per  month 712.50 

1  clerk,  Alt  months,  at|70  per  month ;  1  clerk,  aix  months, 

at  t60  per  monUi 780.00 

1  clerk,  ail  months,  at  $75  per  month ;  1  clerk,  six  months, 

■t  $65  per  month 840.00 

1  clerk,  twelve  months,  at  |60  per  month 720.00 

1  clerk,  three  and  one-half  months,  at  $65  per  month 227.50 

1  messenger,  six  months,  at  $30  jier  month ;  1  measeoger, 

l*o  and  one-half  raoothe,at$25ii«rmoDth;  1  measeoger, 

three  and  one-half  moo  tha,  at  $^  per  month 312.50 

1  packer,  twelve  months,  at  $75  per  month 900.00 

1  packer,  twelve  montha,  at  $50  per  month 600.00 

I  laborer,  6  months,  at  $40  per  month 240.00 

1  agent  (Oermauj),  aix  months 500.00 

lagent  (England),  twelvemonths 500.00 

I  translator  (special) 6.00 

ToUl  salaries  or  compensation  ..*. 12,371.75 

Goierat  expenses : 

Freight 1,327.43 

Pseking-boxes 512.00 

Printing 177.92 

Postage 130.00 

Binding  records 9T.60 

Date  stamps  and  stencils 86.75 

Fnmitnre  and  fixtures 106.36 

D„:,iP<.-jM,C00gle 
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Stationery,  wrftpping  paper,  twiae,  and  miicellaneoaBBiip- 
pliee 1868.60 

Total  eipeDditnre iM.STaM 

Balance  nnoipendod  Jnly  1.  1689 »L» 

BaloDce  remaiDing  July  1, 1888 S0.17 

The  cost  of  tUe  int«rnstJODal  excbaoge  system  since  July  1, 1886, 
baa  beeu  ivs  follows : 

Fiscal  year  I886-W '. $14,683.11 

Fiaoal  year  1887-'ee 15,lll« 

Fiacal  year  leaS-W 17,329.99 

Total  cost ♦<7,iaj.a 

For  the  paymoot  of  tbis  expense  the  Smithsonian  Institu- 
tion has  received  the  following  sams : 

Fiscal  year  1886-'8T  r 

FromCongieu lO.OOO.W 

From  other  sources 696.48 

Fiscal  year  18S7-'8e: 

From  Congress -• 12,001.00 

From  other  aonrces 3(£.TS 

Fiscal  year  1S88-'a9 : 

FromCongreBl 15,000.00 

From  other  sources a.IB.ES 

Total  reoeiptB 40,0yi.7i 

Showing  a  balance  due  the  loatltutioa,  Jnly  1,  1889,  of $7,034.81 

As  this  amount  has  beeu  expended  by  the  Smithsonian  lustitutira 
ill  carrying  on  the  system  of  exchanges  over  and  above  the  amoants 
heretofore  appropriated  for  its  support  by  Congress,  your  committee 
respectfully  recommends  that  Congress  be  requested  to  make  appro- 
priation to  re-imburse  the  Smithson  fund. 

Your  committee  also  refers  to  the  Inst  report  of  the  Secretary,  whidi 
states  that  up  to  13S0,  iocluaive,  the  Institution  had  paid  $92,336.29 
for  eschauges,  of  which  it  is  estimated  that  more  than  two-thirds  were 
on  Government  account,  for  which  the  Government  paid  nothing 
whatever.  Since  the  year  1880  the  service  has  cost  196,065.83,  of 
which  the  Government  has  paid  $57,500,  leaving  nearly  940,000  of  the 
cost  to  be  borne  by  the  Smithsonian  Institution,  and  this  exclusive  of 
the  rent  of  the  rooms,  which  represents  about  $3,000  a  year  in  addilioD. 

MORTH  AMEEICAN  ETHNOLOGT. 
Appropriation  by  Congreaa  for  tlie  liacal  year  eliding  June  30, 1889,  "  for  the  pnrpoM 
of  contioniDg  ethnological  researches  among  tlie  American  Indians  nnder  the  direc- 
tion ortlio  Secretary  of  the  Smithsuninu  Iiintitation,  including  salaries  or  compen- 
sation of  all  necessary  employds"  (Sandry  civil  act,  October  2,  1888;  public  307, 
11.  37,) »4O,tN».O0 

The  actual  conduct  of  these  investigations  has  been  continued  by 
the  Seci-etary  in  the  bands  of  Hf^.  J.  W,  Powell,  Direotor  of  the  Geo- 
logical Survey.  d,,,!    ii,CoO<^le 
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The  following  is  a  classified  statemeat  of  all  ezpeDditnies  made  dar- 
ing the  last  fiscal  year  ftvim  this  appropriation: 

Claitification  of  apendilurei  (A). 

(a)  SAliries  oc  eompeiiB&titin : 

1  ethoologiHt,  per  annam $3,000.00 

2 etbooIogiatB,  at  ^,400  permnnnm 4,800.00 

2  etboologiitta,  at  |l ,800  per  annum 3,600.00 

1  elhnolofpal,  at  |[,800  per  aniiam,  seven  monlhs 1,050.00 

1  ethnologist,  at  $1,500  per  annnm,  three  nioDthB.... 373.00 

4aMiBUuitetlino1ogial8,at|l,S00per«nnum 4,600.  OU 

1  BMutant  ethnoIogiBi,  at  $I,SOO  per  aDnum,  («n  nioatha 1,000.00 

1  assiitant  ethnologist,  at  $1,200  per  annnm,  ail  monttu 600.00 

1  MsJBtaDt  ethnologist,  $1,500  per  annam,  In-omontha :  ^0.00 

1  uBiHtant  etUnolngist,  at  $1,500  peraDnoui,  sis  months 750.00 

1  assistant  ethnologist,  per  annnm 1,000.00 

SaasisUnt  ethnologists,  at  $720  per  annnm 1,440.00 

3  copyists,  at  $600  per  sDnnm 1,200.00 

1  modeller,  at  |600  per  aunam 592, 5S 

r,  at  $600  pec  anmum 600.00 


25.057.52 
Uaclaaaified  and  paid  by  day,  job,  or  contract 4,4ati.6S 

Total  aaluies  or  corop«iisation $39,546.20 

(t)  UiBoeUaQeona: 

TnveUing  eipenses 3,243.45 

Transportation  of  property 123.05 

Fieldsnpplies 47.00 

iDBtrvmento 16.00 

Laboratory  material 95.60 

PbotogTBphie  material 44.20 

Bookaforlihtary 202.39 

Stationeiy  and  drawing  material S9. 36 

[|  I  netntions  foi  report 114.00 

Offleo  funiitnte It 92.50 

Office  snppliea  and  repairs. 216.75 

Correapondenoe  (telegrams) < .-..-.  4. 17 

Specimens 600  00 

34,311.67 
Bonded  railroad  aeeonnta  MtUed  by  Treaanrj 61.19 

Total _$34.372.96 

fi«cIaMi;t«I  hf  nhjtct-matttri  (B). 

Sign  langnageand  picture  writing 4,863.68 

Eiplotatiouaor  monnda,  eastern  portion  of  the  United  States 7,426.13 

Besearchea  in  arcbicology,  southwestern  portion  of  the  United  States 4,343. 11 

Besearcbes,  langnage  of  North  American  Indiana 12,013.26 

SaIiriw,offlceof  the  Director.... 2,7DO.O0 

lUnstrationa  for  report 515. Si 

34,311.67 
Bended  railroad  acconnts  settled  by  Treaanry 61.19 

Total $34.372.B6 
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SKCAPITUI^TION  (IBSH-'St). 

By  approprialion  for  North  Anwrican  ethnolog; IW.OWIvOO 

To  amonnt  eipend«d  to  June  30, 1689,  u  p«r  foregoing  detailed 

Btatement  of  expend  itarea |34, 311.67 

To  amooDt  of  bonded  railroad  accoauta  settled  byTreMoiy. .-  61.19 

llnltiDce  on  bftnd  fh>m  this  approprifttioa  lo  meet  ODtetaoding 

lUtiilities 6,637.14 

40,000.00 

SnUMARY  (UST-'8»|. 

It  appeoTH  ftom  tbe  last  report  of  the  ooinmittee  tbat,  at  tbe  cloae  of  tbe 
flxcal  jear  euding  JuneSO,  1888,  tbe  balance  tben  on  band  of  pieriona  ap- 
propriatione  for  this  object  was 7,847.06 

AiDonot  credited  to  appropriation  iMoaoae  of  dtsallowanoe  by  the  Comp- 
troller    17.00 

Appiopliatiou  by  Coogreas,  October  2,  1888 40,000.00 

Total  available  for  tbe  year  ending  June  30, 1889 n.m.W 

Expended  during  tbe  year  ending  J nne  .KP,  1889 34,3IS,8G 

July  1,1889,  balance  to  meet  ontstanding  liabilitiea 13,491.21 

Which  balanca  on  hand  is  depoattod  aa  fotlowa : 

With  diabarHing  clerk 4,847.99 

With  special  disbnriting  agent 600.00 

In  tbe  United  SWtea  Treaenry 8,043.30 

13,491.ffi 
6H1THS0N1AN  BUILDING  BEPAIRS. 

Appropriation  by  Congreas  "  for  a^^nt  and  neceaaary  repaira  to  central 
and  western  portions  of  the  Smithsonian  Institntioa  bnilding"  (sundry 
civil  act.  Match  3, 1887.    Public,  148,  p.  4) |15, 000.00 

Expended  to  Joly  1, 1888 ; W, 719.96 

Balance  Jaly  1,  1888,  as  per  last  report 8,ii80.04 

Eipeoditurea  from  July  1,  1838,  to  June  30,  1889 : 

Paints  and  painting $1,525,51 

Carpenters  and  miscellaneoas  work 53.71 

Architects 700.00 

8,279.0 

Balance  depoelled  iu  United  States  Treattuiy  to  credit  of  the  appro- 
priation, to  close  tbe  acooant,  July  1,  18i^.. .{B 

NATIONAL  MUSEUM. 

PRBSEBVATION  OF  COLLECTIONS,  JULY  1,  IMS,  TO  JUNE  M,  IMS. 
Appropriatiou  by  Congress  for  the  fiscal  year  ending  June  30, 1669,  "for 
the  preservation,  exhibition,  and  iuoreaseof  the  collections  fiom  the  eur- 
veying  and  exploring  expeditions  of  the  Govemment,  and  from  other 
Boiiroes,  including  salaries  or  compensation  of  all  necesBary  employ^" 
(fiindry  civil  act,  October  2,  1888.     Public,  307,  page  28) llS&OOlUn 
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CUsaiGotion  of  expoodttarea : 

Salaries  or  compeoutiou 1106, 495. 66 

Supplies : 3.759.79 

SUtiouer; 1,560.43 

Specimeiu 9,891.74 

Books 1,097.05 

Travel 580.41 

Freisbt  and  carUge 3,409.56 

Total  ezpenditaMfl  to  Jane  30,  l#e 130,604.66 

BalaoM  Jal;  1, 1689 4,195.34 

DiMlIowauce  on  a  bill  tor  traTelling  eipeoaea 3.00 

Balanoe  Jalj  1,  1869,  to  meet  ODtatanding  liabilities #4, 198. 34 


1  All  thcM  penooi  ware  employad  by  Iha  moslb  or  day.  aad  nanj  farpHtaftbe  yHroolr-) 

Awiatsnt  Secretarj  Smithsonian  Institatioo,  in  charge  U.  S.  National 
UnMUDi,  three  tnoDtbsat fSOO ;  oiue moaths at  f333.33  per  ntontb. . .    |3, 699. 97 
SctentiGo  staff: 

ScDTatoiB  (per  moDth)«t (300.00 

8cof»tori(perinonth)at 175.00 

lentator  (per  month)  at 166.66 

2  enralots  (per  month)  at 150.00 

1  actiDgcDratar(permoQtb)  at 150.00 

Icnrator  (per  month)  at 185.00 

l«utator(permonih)at 100,00 

Sasgiatant  cnratorg  (per  month)  at 133.33 

1  SHSlataot  curator  (per  month)  at 50.00 

1  aMistant  (per  month)  at 115.00 

1  anistsut  iper  month )  at 100. 00 

I  collector  (per  month)  at 100.00 

1  aid  (per  month)  at 87.50 

2  aids  (per  month)  at 75.00 

laid  (per  month)  at fiO.OO 

I  aid  (per  month)  at 58.33 

3  aids  (pec  month)  at 50.00 

1  aid  (per  mouth)  at 40.00 

32.000.55 

Clerical  staff : 

1  chief  clerk  (per  month)  at 175.00 

1  comaponding  clerk  (per  month)  at 158.33 

I  registrar  (per  month)  at V>8.S3 

I  diibarsiDg  clerk  (per  month)  at 100.00 

1  draogbUman  (per  month)  at 83.33 

I  assistant drangbtsman  (per month)  at 30.00 

1  clerk  (per  month)  at 110.00 

3  clerks  (per  month)  at 100,00 

1  clerk  (per  month)  at 90.00 

I  elerk  (per  month)  at 87. 50 


n,g,t,7l.dM,GOOglC 
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Clerioal  Bt>ff— CoDtiuaed. 

1  clerk  (pec  month)  At (80.00 

lulerk  (perraonth)at 75.00 

a  clerlut  (pM  month)  at 60.00 

1  clerk  (per  month)  at ML  33 

4  clerks  <pet  month)  ftt 50.00 

1  typewriter  (per  month)  at 45.00 

2copjUts(permouth)nt 55.00 

4  copyists  (per  month)  at 50.00 

2  copyisti  {per  month)  at 48.33 

1  copjist  (pec  month)  at 46.66 

1  copyist  (per  month) at 45.00 

6  copyists  (per  month)  at 40.00 

1  copyist  (pec  month)  at 35.00 

2  copvista  (per  month)  at 30. 00 

VS,\X.il 

Prepitrators: 

1  artist  (per  month)  at 110.00 

1  pboto^rapher  (per  month)  at 158.33 

1  taxidermist  (per  month)  at 80.00 

1  Uxidermist  (per  mouth)  at 70.00 

t  Mststant  taxidermist  (per  month)  at 60.00 

1  assistanl  taxidermist  (per  month)  at 35.00 

1  modeller  (pec  month)  at 125.00 

1  modeller  Cpei  diem)  at 4.00 

1  preparator  (pec  month)  at 100.00 

1  pceparator  (per  month)  at 80.00 

1  proparator  (per  month)  at 75.00 

1  preparator  Inec  month)  at 65.00 

1  preparator  (per  month)  at 60.00 

I  preparator  (per  month)  at 50.00 

13,4a« 

Buildings  and  lahor : 

1  sn  peri  D  ten  dent  of  bnildings  (per  month)  at 137.50 

1  assietant  HUperiuteudent  of  buildings  (per  month)  at 85.00 

17  watchmen  (per  month)  at 50.00 

4  skilled  laborers  (per  month)  at 50,00 

1  skilled  laborer  (per  diem)  at 2.00 

I  luborer  (per  month)  at 45.00 

7  laborers  (per  month)  at..... 40.00 

18  laborers  (per  diem)  at 1.60 

1  laborer  (per  month)  at 25.  00 

1  laborer  (per  diem)  at.... 1.25 

1  attendant  (per  month)  at.! 40.00 

3  attendants  (per  month)  at.. .  36.00 

1  attendant  (per  month)  at 30.00 

2  cleanera  (per  mouth)  at 30.00 

1  cleaner  (per  diem)  at 1.00 

1  messenger  (per  month)  at *. 45.00 

I  mesgenfcer  (per month) at 35.00 

3  messengers  (per  month)  at 25.00 

1  messenger  (pec  month)  at SO. 00 

1  messeogec  (per  month)  at 15.00 

30, 019. » 
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y  Ulp: 

Copyists t390. 19 

Prepuktore 2K>.  11 

LaboNTa 1,033,73 

»1,679.03 

Special  contract  work Vi.Hn 

Total $108,<95.66 

SUUUART— PRESBRVATIOH  OF  COLLKCTIOKS,  1»l 

Direction— AaaistMit  Secretary  , 3,899.97 

Scientific  aUtr 33,00a.5& 

Clerical  aUff. 27,136.27 

Preparators I3,4d2.24 

Bnildingaand  Ubor 30,019.23 

Temporary  labor 1,679.03 

Special  contract  work 278.37 

Total  paid  for  aerrioea $I0e.<95.C6 

rRBmruRB  aitd  fistdkbs.  ivvs  i.im,  iojdne  m.  im*. 

Appropriation  by  Congreae  for  the  fiscal  year  emliiic  Jnoe  30, 16rl9,  "  for 
casee,fumi(nre,flxtni«a, and  appliances  reqnired  for  tbe  exbibitioa  aod 
Mfe  keepiDg  of  tbe  collectiooa  of  tbe  Natiooal  Hnseoin,  inolnding  aal- 
uriee  or  oompeiuation  of  all  neceasary  employ^  "  (aondry  civil  act, 
October.2,1888,  Pnblic307,p.88) $40,000.00 

CIoMljfoalion  o/  MpmdtfarM. 
Salanea  or  eompenaatioD  : 

1  onginecf  of  property,  at  1150  per  roontb |1,800.00 

I  clerk  (per  mouth)  at $58.33 

I  copyist  (per  montb) at 58.33 

1  copyist  (per  month)  at BS.OO 

2  copyiate  (per  month)  at 40.00 

1  copyist  (per  month)  at 30.00 

-: 2,274.90 

I  cabinetmaker  (per  diem)  at 3.00 

1  carpenter  (per  diem)  at 3.6U 

6  carpenters  (per  diem)  at 3.00 

5  carpenters  (per  diem)  at... 2.00 

^  7,179.75 

1  painter  (per  diem)  at S.50 

1  painter  (per  month)  at 50.00 

2  painters  (per  diem)  at 2.00 

*^  l,91ft73 

2  Uborers  (per  month)  at 50.00 

I  laborer  (per  moolb)  at 40.00 

6  laborers  (per  diem)  at ).U) 

1  cleauer  (per  month)»t..., 30.00        3G0.00 

Extra  temporary  help: 

0  carpenters  (per  diem)  at. 3.00 

10  laborers  (per  diem)  at 1.50 

1  painter  (per  diem)  at..... 3.00 

1  copyist  (per  month)  at 40.00 

1,176.11 
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HateriHls,  etc. 

Exbibition  cmw $7,933.35 

DesigDsaDd  drftwiDge  forcaavB 170.00 

Dianera,  tra;a,  boxes 833.03 

Frames,  stands,  blocks,  niiacel Inn eoiia  woodwork  1,966.99 

Glass 939.19 

Hardware  and  tools , 1,353. 1« 

Cloth,  p]nsb,cottOD  (lioingfoT  cases  aud  screenn)  98.54 

Glass  Jars 17.70 

Chemicals,  photo  sap  plies,  and  iustrunients E90.21 

Lumber l,i>66.  S3 

PaiDts,oil,varniHli,  brushes 861.61 

Office  fiituitu re,  desks,  mats,  etc 356.57 

Chairs  (for  ball) 154.50 

Mvtal  work,  iron,  brass,  tin,  etc.... 1,^76. 07 

Slate,  briok,  stone,  plaster 39*>.  II 

Rubber  goods,  hose,  etc 421.88 

Fii«- proof  safe  for  d labors ing  clerk 412. 12 

Travelling  expenses , 16.02 

119,512.48 

Total  expenditure  July  I,  1888-Jime  30,  1889 $37,176.78 

Balance  Jnly  1,  1889,  to  meet  onletanding  liabilities 2,dt3.S 

HEATINO  AND  LIGHTING.  ETC..  JULY  1, 1888.  TO  JDNS  30,  ISe>. 

AppropciatioD  bj  Congress  for  the  fiscal  year  ending  Jnne  30, 
1889,  "for  expense  of  beating,  lighting,  and  electrical  and 
telephonic  service  for  tbe  National  Mnseani"  (snndry  civil 
act,  October  2,  1 8e8,  Public  307,  p.  28) $18,000.00 

Appropriatiuu  by  Congress  "  for  expenses  of  heating  the  U.  S. 
Natioual  Museum  for  the  Bscal  year  ending  June  30,  1889" 

(deficiency  act,  March  2,  1889,  Public  153,  p.5.) 1,000.00 

13,000.00 

Clatai/icaUon  of  ezpeKditura. 

Salaries  or  compensation : 

I  engineer,  at|120  per  month |1,440.00 

1  chief  fireman  and  machinist,  at  $60  per  month.         I:i0.00 

5  firemen,  at  $50  per  month 2,9o0.00 

1  telephone  clerk,  at  $55  per  month 660. 00 

1  telegraph  clerk,  at  $40  per  month 255. 00 

5,435.00 

Generalespenses: 

Coal  and  wood 4,168.43 

Gas 1,111.11 

Telephones 600.16 

Electric  work 47.24 

Rental  of  call-boxes 110.00 

Heating  repairs 418.73 

6,475.67 

Total  exiwuditure  July  lilfcftS-Jiine  30, 1S89 11,910.67 

Balanoejnlyl,  1889,  to  meet  onUtanding  liabilities $1,089.33 
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OTHEB  MUSEUM  APPEOPEUTIONS. 

The  balaoces  remaining  of  the  followiog  appropriations,  as  stated  in 
the  last  report  of  the  committee,  were  carried  ander  tb'e  actiou  of  Re- 
vised Statutes,  section  3090,  by  the  Treasar?  Department,  to  the  credit 
oftbesarplas  fund,  July  1,  1889: 

PKWrTfttioii  of  colleotions,  1880 ft.  G6 

PrewrTation  ofcollectioiia,  1887 (O 

Fnniitnre»Dd  fixture!,  1^86 45.05 

FaniitnM  uid  fixtnraa,  1887 74.  W 

PreserTBtion  (armoij),  1B86 7,ti4 

Heating  and  liehtiDg,  1897 18,54 

rRESKKVATlON  OF  OOLLBCTIONS,  IW7-'8>. 

The  balance  of  |10,345.05  remaining  July  1,  I88S,  of  this  appropria. 
tioD,  as  stated  in  the  last  report  of  the  committee,  has  been  exi>eDded, 
during  the  year  lSS8-'89,  as  follows : 

Balance  remaining  July  1,164^ (10,345.05 

Salaries  or  compensation |9^2.09 

SnppliM eia67 

Stationery 487. 3G 

Specimena 6,758,94 

Booka 289.25 

TraTel 163.66 

Pmght 802.39 

Espenditare 10,302.36 

Balance  July  1,  188U 42.69 

The  classification  of  the  total  exiteoditare  of  this  appropriation  is  as 

follows : 

imoant  appropriatml (116,000.00 

Eipeoded : 

SalariM 197,493.59 

Supplies 3,427.05 

SUtionery 2,879.56 

Specimena ■ 8,797. 50 

Booka 789.61 

Trarel 986.51 

Fieight 3.183.17 

Total  oKpenditute 115,957.31 

Balance  Jnly  I,  1889 42.69 

FDRSITUBE  AND  FIXTUKBS,  lK7-'gg. 

The  balance  reported  July  1,1838,  of  91,710.96,  of  ibis  appropriation 
has  been  expended  daring  the  past  year  as  follows : 

BalancBjnljl,  lese $1,716.96 

GlaM J618.  W) 

Drawwa,  trays,  boxes,  etc 208.87 

Hard«atB»iid  fittings 959.03        t^^lc 
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GiMBjan 151.80 

CfaemieolB  and  apparatua 24.34. 

Lumber 184.71 

Paiuta  and  oil 39.00 

OtBco  furniture   2TS.  00 

Plumbing,  tin,  lead,  etc 16.06 

Eipeudlture $l,69e.!5 

Balanoe  JqIj- 2,  1889 1!(.71 

The  following  is  aelasBificationof  tbe  total  expenditnre  of  the  appro- 
priation : 
Amount  appropriated 140,000.00 

BXPENDITDRK. 

Salarieg  or  compenaation : 

Engiueer  of  proport;,  olerhs,  and  oopfistfl 13,970.00 

Carpenters 7.807.75 

paint««i a,oao.oo 

Laborera 4,936.04 

Cleauera 480,00 

— J19.20a.79 

Materials,  etc. : 

Exliibition  case  ftames $?,:«).  44 

Design  and  dran'iD^  for  cases 305.00 

Glass 3,438.16 

Drawers,  trays,  boxes,  etc 804.01 

Hardware  and  fittings  for  cases 1, 133. 94 

Iranbracketa 126.30 

Cloth,  cotton,  felt  (lining  for  cases) 420.21 

Glass  Jars  aud  con Caiuers  for  specimens 274.49 

Chemicals  anil  apparatus 402.67 

Lumber 2,  3£).li9 

Tools l'Jl.68 

Paiutsand  oils 781,99 

Office  furniture  and  otber  llxtiirea a,0fi9, 75 

Plumbing,  tin,  lead,  etc 904.59 

Rlate,  tiles,  etc 29,50 

BrusbfN,  brooms,  pitcbcrs,  etc 111.47 

Paper 49.50 

TrBTHlliug  expenses 35,08 

30,777.50 

Total  expenditare 39,961.49 

Balance 18.71 

Credit  by  disallowance  on  travel  aecouul 3.  SI 

Balance  Jnly  l,lo^9 |31.« 

HEATING,  LIQHTISO,  ETC.,  l«S7-6e, 

Tlie  balance  reported  last  year  (July  1,  1888),  of  $735.89  has  beea  ei- 
peuded  daring  lS88-'89,  as  follows: 

Balance  July  1,  1888 |7a6.» 

Gas 9155.89 

Telephones 163.00 
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Elwtricwork 1143.30 

Bental  of  call-boxes 80.00 

Heitiog  lepairs ■ ^.00 

Eipenditore ^5S.  19 

BiUiujce  Jnly  1,  1889 3.70 

Tlie  total  expenditures  of  this  uppropriation  liave  been  as  follows: 

AmDont  appropriated $U,000.00 

KXPKMIITURE. 

Skluiw  or  coupenBation : 

Enginoer ,', 91,440.00 

Telegnpb  and  telepb one  clerks 1,140.00 

Firemen  and  machiaisbt 3,473.36 

16,053.36 

Sopplies: 

Coal  and  wood 3,014.08 

Gas 950. 9S 

Telephones 771.65 

Eleetric  work 436.  !>0 

Kenlal  of  oall-boies 130.00 

Heating  repairs 639.73 

ft,M-il)4 

Total  eipeoditarea 11,996.30 

Balance  July  1, 1889 $3,70 

BECAPITULATION. 

The  totAl  amoaDt  of  the  fuode  atliuiDistered  by  the  Institation  danitg 
the  year  eodiag  30th  of  June,  188J,  appears,  from  the  foregoing  Btat«- 
meots  and  the  account  books,  to  have  been  as  follows : 

SMITHSONIAN   INSTITUTION. 

Tnm  balance  of  last  year,  Jnly  1,  1888 $4,809.23 

Tmrn  interest  on  Smithsoni all  fund  for  tbe  year 42,160.00 

From  Idea  of  publioatioas *43l.8a 

From  lepaynientB  forfteiebt,  etc 3,328.71 

3,760,53 

Total $50,749.76 

Appropri*lioiH  oiymmiUed  b^  Congren  lo  the  oare  of  tht  Inilitutioji. 

International  exchanges; 

Balance,  1888 150.17 

ForlB88-'89 16.00u.00 

$15,050.17 

North  Aawrioan  etiinology: 

Balance,  1889 $7,847.06 

Forioeii-'ea 40,000.00 

47,847.08 

SniUiMiaiaii  bnilding  repairs: 

Balance,  1988 2,280.04 

"MMTTaUou  of  colIeetiODs: 

Balance,  1888 10,345.05 

For  1888-^ 125,000.00  /  -    w-^.-sI.^ 

135,345.05.Vj.*^)OgH_ 


BEFOBT  OF  THE  KXECUTIVE  COUH[TTEB. 


Pamitnre  and  flztares ; 

Balance,  1B88 $1,716.96 

Forl888-'t9 40,000.00 

$41,716.96 

Hekting,  lighting,  nto.: 

Balance,  1888 755.89 

Forises-'ea 13,000.00 

13,755.99 

Total |K5,996,19 

Grand  toUl $306,7«.» 

The  committee  has  examined  the  vouobera  for  pay meots  made  fhun 
the  Smithsonian  iacome  during  the  year  ending  30tb  Jane,  18S9,  all  oF 
which  bear  the  approval  of  the  Secretary  of  the  luatitution,  or,  in  bi» 
absence,  of  the  assistant  secretary  as  acting  Secretary,  and  a  certifi- 
cate that  the  materials  and  services  charged  were  applied  to  the  pur- 
poses of  the  Iiistttntion. 

The  committee  has  also  examined  the  aceonota  of  the"  intematiotitl 
excbanges,"  and  of  the  "National  Mnseam,"  and  finds  that  the  bai- 
anoea  above  given  correspond  with  the  certificates  of  the  disbarsiDg 
clerk  of  the  Smithsonian  Institntion,  whose  appointment  as  sach  Aa 
bnrsing  oGQcer  was  accepted,  and  his  bonds  approved,  by  the  Secreta/; 
of  the  Treasury. 

The  qnarterly  acconnts-cnrrent,  the  vouchers  and  joarnals,  have  been 
examined  and  fonnd  correct. 

The  abstracts  of  expeutUtnres  and  balance  sheets  under  the  appro- 
priation for  "North  American  ethnology"  have  been  exhibited  to  as; 
the  vouchers  for  the  expenditures,  after  approval  by  the  Director  of 
the  Bureau  of  Ethnology,  are  paid  by  the  disbursing  clerk  of  said  Bn- 
rean,  and  after  approval  by  the  Secretary  of  the  Smithsonian  Instiln 
tiou  are  transmitted  to  the  accounting  officers  of  the  Treasury  Depart 
ment  for  settlement.  The  disbursing  officer  of  the  Bureau  is  accepted 
as  such  and  his  bonds  approved  by  the  Secretary  of  the  Treasary. 
The  balance  available  tu  meet  outstanding  liabilities  on  Ist  Jnly,  1889, 
as  reiwrted  by  the  disbursing  clerk  of  the  Bureau,  is  (l.t,491.22. 

Slalement  of  regalar  ineome  from  the  Smilhtonian  fatii,  to  ht  availaiU  for  mm  U  lii 
gear  ending  Jutit  :tO,  1890. 

Balance  on  hand  Jnne  30, 1889 |11,75".47 

lutereat  dno  and  receivable  Julj  1,1869 21,090.00 

lotereat  due  and  receivable  January  I,  IhSO 21,090.00 

Total  available  for  year  ending  June  30, 1890 ^,93TM7 

Respectfully  submitted. 

James  O.  Wellinq. 

Henry  Copp^e. 

M.  C.  Meigs, 
Wabdinoton,  October  15,  1889.  d,  ,ip<ji  CoO<jlc 
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froDi  previoDB  reporta. ) 


[Fiftieth  CODgress,  secuuil  sesalon,  IriSB-'HU.  ] 
INTERN  AT  ton  AL  EXCHANGES. 

INTKRNATIONAL  ExCHANOEa — SMITHSONIAN  [NSTITUTION  :  Forex- 
jienseH  of  tbe  H,T3t«iD  of  iiiternntioDal  exchanges  betweeii  the  United 
States  and  foreign  countries,  ander  tlie  direction  of  (be  Smithsonian 
Institution,  inchidiug  ealariett  or  compensation  of  all  necessary  em- 
ployees, fifteen  thousand  dollars. 

(^UDdrv  civd  appropriation  act.  Approved  March  2, 1889.  Statutes, 
SIT,  p.  952.) 

Natal  obsbbvatobt:  For  payment  to  Sniitbsoniaulnstitation  for 
freight  on  Obaervatory  publications  seat  to  foreign  countries,  one  hun- 
dred and  tbirty-six  dollars. 

(Legislative,  executive,  and  judicial  appropriation  act.  Approved 
Fehroary  26,  1889.     Statutes,  XXT,  p.  7:«.) 

United  States  Patent  Office:  For  purchase  of  books,  ami  ex- 
{•enses  of  transporting  publications  of  patents  issned  by  tbe  Patent 
Office  to  foreign  Governments,  three  thousand  dollars. 

(Legislative,  executive,  and  judicial  appropriations  act.  Approved 
Febrnary  26,  1889.    Statutes,  xxv,  p.  737.) 

War  Department  :  For  the  trans])ortation  of  reports  and  maps  to 
foreign  countries  tbrougb  the  Smithsonian  Institution,  one  hundred 
ilidlars. 

(Sundry  civil  appropriation  act.  Approved  Match  2, 1889.  Statutes 
1ST,  p.  970.) 

United  States  Geological  Suevet  :  For  the  purchase  of  nec- 
essary books  for  the  library,  and  the  payment  for  tbe  transmission  of 
public  documents  through  the  Smithsonian  exchange,  five  thousand 
dollars:  in  all  four  hundre<l  and  three  thousand  dollars. 

{Sundry  civil  appropriation  act.  Approved  March  2. 1889.  Statutes 
liT,  p.  960.) 

NORTH  AMERICAN  ETHNOLOGY. 

For  the  purjrase  of  continuing  ethnological  researches  among  the   - 
American  Indians,  under  the  direction  of  the  Secretary  of  the  Smitb- 
RoaJHD  Institution,  including  salaries  or  compensation  of  all  necessary 
employees,  forty  thousand  dollars. 

(Snndry  civil  appropriation  act.    Approved  March  2, 1889.     Statutes 

H.  Mis.  324 m  ii....ii,,Vjiy})yiL 


XXXIV  ACTS  AND  EESOLUTIONS   OF  CONGRESS. 

NATIONAL  HOSGDH.  i 

Heating  and  Lighting:  Forespeuseof  heating  the  United  States 
National  Maseum  for  the  fiscai  year  euding  June  thirtieth,  eightceo 
tauDdred  and  eighty- uine,  one  thousand  dollars. 

(Act  to  supply  (!eficiencies.  Approved  Maixih  2,  1S8».  Statutes 
XXV,  p.  909.) 

Hbatihg  and  LiGilTi-NG:  For expenseofbcatiiig,  lighting,  a»d  tltii- 
trical  and  telephonic  service  for  the  National  Museum,  twelve  thousaDtl 
dollars. 

Peesebvation  of  CoLLEcrioNS  of  toe  National  MrsEi'M;  For 
the  preservation,  exhibition,  and  increase  of  the  collections  from  the 
surveying  and  exploringexpeditiooe  of  the  Government,  and  from  otlier 
Hources,  including  salaries  or  compensation  of  all  necessary  employees, 
one  hundreil  and  forty  thoosand  dollars. 

■  FuBNiTURB  AND  Fixtures  OF  THE  National  Museum  ;  For  cases, 
furniture,  fixtures,  and  appliances  required  for  the  exhibition  and  safe- 
keeping of  the  collections  of  the  National  Musenin,  including  salaries 
or  compensation  of  all  necessary  employees,  thirty  thousand  dollars. 

Postage:  For  postage-stamps  and  foreign  postal-cards  for  the  Na- 
tioual  Museum,  one  thousand  dollars. 

(Saodry  civil  appropriation  act.  Approved  March  2, 1889.  Statutes 
XXV,  pp.  952,  95;t.) 

Public  Printing  and  Binding  foe  the  National  Mcsedm: 
For  printing  labels  and  blanks  for  the  use  of  the  National  Maaeuai,; 
and  for  the  "Bulletins,"  and  annual  volumes  of  the  "Proceedings"  oi 
the  Museum,  ten  thousand  dollars. 

(Sundry  civil  appropriation  act.  Approved  March  2, 1889.  Statatesi 
XXV,  p.  979.) 

Fish  Commission:  For  altering  and  fitting  up  the  iuterior  of  tl  : 
Armory  Building,  on  the  Mall,  city  of  Washington,  now  occupied  as  ^ 
hatching  station,  for  the  accommodation  of  the  offices  of  the  UDitcE 
States  Fish  Commission,  and  for  general  repairs  to  said  building,  iDclu- 
ding  the  heating  apparatus,  and  for  repairing  and  extending  the  out- 
buildings,  seven  thousand  dollars,  or  so  much  thereof  as  may  be  neces- 
sary, the  same  to  be  immediately  available  and  to  be  expended  uiidea 
the  direction  of  the  Architect  of  the  Capitol ;  and  for  the  purpose  at>ov4 
named  the  Secretary  of  the  Smithsonian  Institution  is  hereby  required 
to  move  from  the  second  and  third  stories  of  this  building  all  properties 
except  such  as  are  connected  with  the  workshops  hereinafter  Dauied. 
under  his  control;  and  the  worksho^m  now  in  the  second  stor;^'  of  said 
building  shall  be  transferred  to  and  provided  for  in  the  third  story 
thereof.  And  the  Architect  of  the  Capitol  is  hereby  directed  to  ex- 
amine and  make  report  to  Congress  at  its  next  regular  session  as  to  the 
practicability  and  cost  of  constructing  a  basement  story  under  the  Na- 
tional Museum  Building. 

(Sundry  civil  appropriation  act.  Apppoveil  March  2, 1889.  Statutes 
IXV,  p.  953.) 

zoological  pabk. 

Sec.  4,  For  the  establishment  of  a  zoological  park  in  the  District  of 
Columbia,  two  hundred  thousand  dollars,  to  be  expended  under  and  in 
accordance  with  the  provisions  following,  that  is  to  say : 

That  in  order  to  establish  a  zoological  park  in  the  District  of  Co- 
lumbia, for  the  advancement  of  science  and  the  instruction  and  recrea- 
tion of  the  people,  a  commission  shall  he  constituted,  composed  of  lhr«e 
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per8ona,'tianielj':  The  Secretary  of  the  Interior,  tbe  president  of  tbe 
board  of  CommiBsioneru  of  tbe  District  of  Columbia,  and  tbe  Secretary 
of  tbe  Smtthsoiiiao  Institntion,  which  shall  be  known  and  designated 
as  tbe  cvraoiission  for  tbe  establishnient  of  a  zoological  park. 

Tbat  tbe  said  commiBsion  is  hereby  authorised  and  directed  to  make 
on  inspection  of  the  country  along  Rock  Creek,  between  MassachuKetts 
avenue  extended  and  where  said  creek  is  crossed  by  the  road  leading 
west  from  Brightwooil  crosses  said  creek,  and  to  select  from  that  district 
of  country  8uch  a  tract  of  land,  of  not  less  than  one  hundred  acres, 
which  shall  include  a  section  of  the  creek,  as  said  commission  shall  deem 
to  he  suitable  and  appropriate  for  a  zoological  park. 

That  the  said  commission  shall  cauae  to  be  made  a  careful  map  of 
said  zoological  park,  showing  tlie  location,  quantity,  and  character  of 
each  parcel  of  private  property  to  be  taken  for  such  purpose,  with  the 
names  of  the  respective  owners  inscribed  thereon,  and  the  said  map 
shall  be  filed  and  recorded  in  the  public  records  of  the  District  of  Co- 
lumbia; and  from  and  after  that  date  the  several  tracts  and  parcels  of 
land  embraced  in  such  zoological  park  shall  be  held  as  coudemoed  for 
public  uses,  subject  to  the  payment  of  jnsi  compeosatton,  to  be  deter- 
mined by  the  said  commission  and  approvt^d  by  the  President  of  the 
United  States,  provided  that  such  couipeuaatioii  be  accepted  by  the 
owner  or  owners  of  the  several  parcels  of  laud. 

That  if  the  said  commiasion  shall  be  unable  to  purchase  any  portion 
of  the  land  so  selected  and  condemned  within  thirty  days  after  such 
condemnation,  by  agreement  with  the  respective  owners,  at  the  price  ap- 
proved by  tbe  President  of  the  United  States;  it  shall,  at  the  expiration 
of  such  period  of  thirty  days,  make  application  to  the  snpreme  court 
of  the  District  of  Columbia,  by  petition,  at  a  general  or  special  term, 
for  an  assessment  of  the  value  of  such  land,  and  said  petition  shall  con- 
ibio  a  particular  description  of  the  properly  selected  and  condemned, 
with  the  name  of  the  owner  or  owners  thereof,  and  his,  her,  or  their 
residences,  a»  far  as  the  same  may  be  ascertained,  together  with  acopy 
of  tbe  recorded  map  of  tbe  park ;  and  the  said  court  is  hereby  author- 
ized and  required,  upou  such  application,  without  delay,  to  notify  tbe 
owners  and  occnpants  of  the  land  and  to  ascertaiu  and  assess  the  value 
of  the  land  so  selected  and  condemned  by  appointing  three  commis- 
sioners to  appraisti  tbe  value  or  valued  thereof,  and  to  return  the  ap- 
praisement to  the  court ;  and  when  the  values  of  such  laud  are  thus 
ascertained,  and  tbe  Piesident  shall  deem  the  same  reasonable,  said 
valnes  shall  be  paid  to  the  owner  or  owners,  and  the  United  States  shall 
be  deemed  to  have  a  valid  title  to  said  lands. 

That  the  said  commission  is  hereby  authorized  to  call  upon  the  Suiier- 
intendent  of  tbe  Const  and  Geodetic  Survey,  or  the  Director  of  the 
Geological  Survey  to  make  snch  surveys  as  may  be  necessary  to  carry 
into  effect  the  provisions  of  this  section ;  and  tbe  said  officers  are 
hereby  authorized  and  required  to  make  such  surveys  under  tbe  direc- 
tion of  said  commissiou. 

(Appropriation  act  to  provide  for  espeuses  of  the  government  of  the 
District  of  Colombia,  etc.  Approved  March  2,  1889.  Statutes  xxv, 
p.  808.) 

AMERICAN   HlSl'OBICAL  ASSOCIATION. 
Chap.  'JO.— AN  ACT  to  iiicor|>uralo  the  Aiiieriruu  HiHtorioal  Asauciation. 

Be  it  enacted  6y  the  Senate  and  House  of  Eeprenentatmeg  of  the  United 
atatet  of  America  in  CoHj/resti  a^seiHbled,  That  Andrew  I).  White,  of 
ItJiaca,  in  the  State  of  New  York;  George  Baucroft,  of  Washington, 
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iu  tbe  District  of  Columbia;  Justin  Winsor,  of  Cambridge,  in  tbe  State 
of  Massachusetts;  William  F.  Poole,  of  Chicago,  in  the  9tate  of  Illi- 
nois; Herbert  B.  Adams,  of  Baltimore,  iu  the  State  of  Miirylaud;  Clar- 
eiiue  W.  Boweu,  of  Brooklyn,  in  the  State  of  New  York,  tbeir  asRociates 
and  sucvesiwrs,  are  hereby  created  in  the  District  of  Uolumbia  a  boly 
corporate  and  iwlitic,  by  the  name  of  the  American  Historical  Associa- 
Uou,  for  tbe  pFomotiou  of  historical  studies,  tbe  collection  and  prescrra- 
tion  of  historical  manuscripts,  and  for  kindred  pmpottes  in  the  iiiterMt 
of  American  history  and  of  history  in  America.  Said  association  is 
authorized  to  hold  real  and  personal  estate  in  tbe  District  of  Columbia 
80  far  only  aa  may  be  necessary  to  its  lawfal  ends  to  an  amount  not  ei- 
ceeding  five  hnndred  thousand  dollars,  to  adopt  a  coiisiitution,  aod  to 
make  by-laws  not  inconsistent  with  law.  Said  association  shall  bare 
its  principal  office  at  Washington,  in  the  District  of  Columbia,  and  may 
hold  its  annnal  meetings  in  such  places  as  the  said  incorporators  shall 
determine.  Said  association  shall  report  annually  to  the  Secretary  of 
the  Smithsonian  Institution  concerning  its  proceedings  and  the  coDdi- 
tioii  of  historical  stu<ly  in  America.  Snid  Secretary  shall  communicate 
to  Congress  tlie  whole  of  such  reports,  or  such  portion  thereof  as  he 
shall  see  fit.  The  Begents  of  the  Smithsonian  lustitntioii  are  authorized 
to  permit  said  association  to  deposit  its  collections,  manuscripts,  booka, 
pamphlets,  and  other  material  lor  history  in  tbe  Smitbsouian  Institutioo 
or  in  the  National  Museum,  at  tbeir  discretion,  q|>ou  such  conditions  aod 
under  sucb  rules  as  they  sball  prescribe. 
(Approved,  January  i,  1889,  Statutes  xxv,  p.  (ilO.) 
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SPECIAL  MEETING  OF  THE  REGENTS. 

Wabhikoton,  D.  C.,  November  18, 1887. 
A  special  meetinii;  of  the  Board  of  Regents  of  the  Siuil|i80Dian  Id- 
Btitntioii  WHS  beld  tbis  day  at  the  Institution  at  half  past  10  o'clock 

A.M. 

Present,  Hon.  MOHBisos  R.  Waite,  Chief  Justice  of  the  United 
Statea,  Chancellor  of  the  Institution;  Hon.  John  J.  Ingalls,  Presi- 
dent of  the  Senate  of  the  United  States ;  Hon.  J  trsTiN  S.  MORRtLL,  Hon. 
Shblbv  M.  Cullom,  Hon.  Wiltjam  L.  Wilson,  Prof.  AsA  Gbat, 
Prof.  Henry  Copp^e,  Dr.  James  C.  Welling,  Gen.  Montgombry 
0.  Meigs,  Prof.  James  B.  Anoell. 

The  Chancellor  stated  that  the  present  meeting  had  been  called  in 
accortlance  with  the  provisions  of  the  act  of  Congress  organizing  the 
Institution,  at  the  request  of  three  of  the  Regents  which  hail  been 
made  to  the  Acting  Secretary  in  the  following  commnnication : 

Sir  :  At  a  meeting  of  the  Executive  Committee  of  the  Board  of  Re- 
gents of  the  Smithsonian  Institution,  November  3, 1887,  the  following 
[ireamble  and  resolutions  were  adopted : 

Whereas,  the  death  of  Professor  Baird,  the  honored  Secretary  of  the 
Smithsonian  Institution,  occurred  at  a  time  in  the  last  summer  when 
from  the  absence  of  certain  Regents  in  Europe,  and  from  the  dispersion 
of  others  in  different  parts  of  the  conntry,  it  was  found  impracticable 
to  summon  the  Board  of  Regents  in  extraordinary  session,  that  it  might 
take  appropriate  action  in  the  premises  under  the  immediate  pressure 
of  that  deplorable  event;  and 

Whereas,  the  time  has  now  come  when  such  an  extraordinary  meet- 
ing is  practicable,  and  is  believed  to  be  required  alike  by  the  proprie- 
ties and  by  the  possible  exigencies  of  the  situation  resnlting  from  the 
lamented  death  of  the  late  Secretary :  Therefore  be  it 

Re»olped,  That  the  Acting  Secretary  of  the  Institution  be  requested 
to  call  a  special  meeting  of  the  Board  of  Regents  to  be  held  on  Friday, 
November  18,  at  10:30  a.  m. 

James  C.  Welling, 
Henry  CoppSe. 
M,  C.  Meigs. 

The  Chancellor  read  the  following  letter  from  Dr.  Noah  Porter,  one 
of  the  Regents : 

Tale  College,  November  14, 1887. 

Dear  Str  :  I  had  made  all  necessiiry  arrangements  to  be  present  at 
the  meeting  of  the  Regents  which  has  been  called  for  tbe  ISth  mstant, 
when  I  was  summoned  to  respond  to  another  engagement  of  long  staud- 
>Dg,  the  time  for  which  wan  fixed  on  the  same  day.     I  regret  that  I  can 
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not  be  present  At  Wasliington  a-s  it  wonid  give  me  very  great  satisfac- 
tion  to  houor  tlie  memory  of  our  late  distiuguislied  Secretary  for  thu 
aingnlar  fidelity,  forecaBt,  and  devotion  with  wtiicii  he  has  diecbarged 
the  manifold  duties  of  this  office,  and  the  eminent  saccess  which  has 
crowned  his  enterprisiDg  lalwra.  Under  his  administration  the  Smith- 
sonian Institntioii  has  enlarged  its  sphere  of  asefnlness  and  actirity 
and  has  established  itself  most  firmly  in  the  confidence  and  esteem  of 
the  American  people.  The  direct  services  which  the  late  Secretary 
rendered  to  the  wealth  and  welfare  of  the  American  people  throagh 
his  connection  with  the  Fish  Commission  and  the  honor  which  he 
gained  for  bis  country  abroad  are  too  well  known  to  need  aay  com- 
ment, while  his  personal  simplicity  and  integrity  are  above  all  praise. 
Very,  respectfully, 

Noah  Portee, 
S.  P.  Langley,  Esq., 

Acting  Secretary  of  the  Smithsonian  Institution. 

The  Chancellor,  Chief  Justice  Waite,  then  made  the  following  re- 
marks ; 

Gehtlkmeh  of  the  Board  of  Regents:  It  is  my  sad  duty  to 
announce  to  yon  the  death  of  Spencer  Fullortun  Baird,  LL.  D.,  the 
Secretary  of  the  Institution,  at  Wood's  Uoll,  MasH.,  on  the  19th  day  of 
AagnsC  last.  Professor  Bain]  wasappointed  by  the  lamented  Professor 
Henry,  white  Secretary  of  the  Institution,  on  the  5th  of  July,  1850, 
auder  the  authority  of  this  Board,  to  thu  office  of  Assistant  Secretary 
"  in  the  department  of  natural  hiHtory,  to  take  charge  of  the  Museoni, 
and  to  render  sucb  other  assistance  as  the  Secretary  may  require." 
He  entered  at  once  on  the  performance  of  his  duties,  and  until  the 
death  of  Professor  Henry,  nearly  28  years  afterwards,  filled  his  place 
with  great  ability,  and  to  the  entire  aatinfaction  of  bis  distinguished 
chief  and  of  the  Regents. 

Professor  Henry  di6«l  on  the  I3th  of  Hay,  1878,  and  on  the  17th  of 
the  same  month  Professor  Baird  was  unanimously  chosen  his  successor 
as  Secretary  of  the  Institution.  From  that  day  until  he  died  be  was 
faithful  to  every  duty  of  his  high  office,  and  devoted  himself  untiringly 
to  giving  eQ'ect  to  the  will  of  our  munificent  founder  by  the  "  increase 
and  diffusion  of  knowledge  among  men." 

As  bis  death  occurred  when  some  of  you  were  absent  in  Kurope,  and 
others  away  in  different  parts  of  this  country,  it  was  found  impracti- 
cable to  get  an  extraordinary  meeting  of  the  Board  to  take  action  upon 
the  deplorable  event  at  that  time.  We  have  now  met  for  that  purpose 
and  I  invite  your  special  attention  to  the  subject. 

Senator  Justin  8.  Morrill  moved  that  Prof.  S.  F.  Langley  be  appointed 
to  fill  the  vacancy  in  the  office  of  Secretary  created  by  the  death  of 
Professor  Baird. 

It  having  been  represented  that  the  Executive  Committee  had  pre- 
pared a  minate  of  proceedings  to  be  submitted  to  the  Board,  and  that 
paper  having  been  called  for,  it  was  read  by  the  chairman,  Dr.  J.  C. 
Welling: 
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"TUe  Esecmivc  Cominittee  beg  leave  respectlully  to  represent  that  hi 
tbe  preamble  aud  rt'solulioi)  nccurapauyiiig  the  eall  of  tbe  Acting  Secre- 
tary for  tbe  present  extruoi'diuary  uiceliiig  ol  the  Board  of  Regents,  they 
sappoae  theinselvus  to  have  sufflciently  Bet  forth  the  reasons  why  this 
vallbas  been  so  long  delayed;  tbe  reasons  which  dictate  the  expediency 
of  holding  an  extraordinary  meeting  at  the  present  time,  and  tlierefore 
tbe  objects  which  may  ]>roper1y  engage  tlic  attention  of  tbe  Board  iu 
view  of  the  proprieties  aud  exigencies  of  tbe  situaliou  resalting  from 
tbe  lamented  death  of  tbe  late  Secretary. 

Cherishing  for  the  late  Professor  Baird  the  profonnd  regard  inspired 
by  hi)i, talents,  by  his  great  attiiinment«,  by  bis  life-work  id  tbe  cause 
of  science,  and  by  his  distinguished  services  to  the  Smithsonian  Insti- 
tution, and  not  doubting  titat  this  sentiment  is  shared  by  every  mem- 
ber of  the  Board,  yonr  cominittee  have  thongbt  that  it  was  dae  alike 
to  the  memoi'y  of  tbe  departed  Secretary  whom  we  all  held  in  high- 
est honor,  and  to  onr  own  sense  of  the  loss  which  tbe  scieDciGc  world 
in  common  with  this  Institution  ha»  sustained  in  bis  death,  that  we 
Bliould  proceed,  at  tbe  earliest  practicable  day,  to  take  tbat  appropri- 
ate action  in  the  premises  which  is  dictated  by  our  intimate  official  and 
IHirsonal  relations  with  the  departed  Secretary,  and  by  a  sincere  desire 
on  our  part  to  testify  and  record  our  heartfelt  admiration  of  the  great 
and  good  man  whose  death  we  deplore. 

With  regard  to  any  exigencies,  actnal  or  contingent,  resalting  from 
the  death  of  the  late  Secretary,  it  does  not  need  to  be  said  that  first  in 
order  and  first  in  importance  stands  tbe  electing  of  a  Secretary.  Though 
llie  transactions  had  by  the  Board  at  the  last  annual  meeting,  in  the 
ajipointment  of  the  Assistant  Secretary,  who  is  now  the  Acting  Secretary 
of  tbe  Institation,  may  have  simplifie<l  the  solution  of  this  problem  so 
Farastreare  concerned,yet  there  are  obvious  considerations  of  delicacy 
nbich,  in  the  case  of  a  sensitive  aud  refined  nature  like  that  of  tbe 
eminent  man  in  question,  must  preclude  bim  from  acting  with  official 
freedom,  and  with  a  full  sense  of  executive  authority,  until  tbe  mind  of 
tbe  Board  shall  have  been  definitely  declared  with  regard  to  the  suc- 
cession in  this  most  responsible  office;  and  in  tbe  mean  time  he  natn- 
rally  shrinks  from  doing  aught  in  hia  office  which  may  seem  to  conclude 
tbe  final  action  of  the  Board  in  the  premises. 

As  to  any  possible  exigencies  which  may  have  arisen  in  consequence 
of  the  multiplied  engagements  of  the  late  Secretary,  who,  besides  bis 
duties  as  the  executive  officer  of  the  Smithsonian  Institution,  was  also 
charged  with  tbe  direction  of  the  U.  S.  National  Museum,  of  the  Bu- 
reau of  Ethnology,  aud  of  the  U.  S.  Fish  Commission,  we  beg  leave  to 
say  tbat  certain  important  questions  of  future  policy,  deeply  concern 
ing  fhe  prosperity  of  the  Institution  and  tbe  cause  of  American  science, 
may  possibly  be  thrust  upon  the  Board  at  this  juncture  in  a  way  to  call 
for  careful  consideration,  if  not  for  immediate  decision. 
It  is  known  to  ns  all  that  Prof.  Joseph  Henry,  the  first  Secretary  and 
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tlie  organizer  of  tboSmitliRoiiiaii  ]ii8titnlinii,entertainc(Hlicfwttle<l  opin- 
ion t bat  its  operations"  6boulillH-iiiiii};li'il  ax  little  as  possible  with  tliow 
of  the  Government;"  tint  the  funds  of  tlie  Institiuion,  beinj;  specifically 
devoted  bytheterms  of  Smitlisou's  bequest  to  apreKcribt'd  object,slioi)l<l 
not  be  diverted  to  otber  objects,  and  tUat  consequenlly  tlie  activities  of 
tlie  Secretary  sbould  not  be  engrossed  by  otliereiigagemente  wbicb.from 
tbeir  natnre  or  from  tbe  administrative  cares  incident  to  their  manage' 
nient,  might  be  judged  to  impair  the  distinctive  singleness  and  bigbext 
efficiency  of  tbe  Institution  in  laboring  for  "tbe  increase  and  diffusion 
of  knowledge  among  men."  lie  a'so  held  that  the  necessity  laid  upon 
the  Institution  of  making  annaiil  appeals  to  Congress  for  tbe  stipport 
and  extension  of  adjuncts  not  essential  to  the  conductor  its  own  special 
operations  is  a  necessity  which  sbonkl  be  avoided  as  far  aa  practicable 
in  tbe  interests  of  a  dignified  and  single-minded  a<iministration  of  tlie 
Smithson  trust;  and  beiicehe  thongbt  itdesiral)letbat  some  moredeG- 
nite distinction  should  be  made  between  tbe  Smithsonian  Institntion  and 
tbe  National  Museum,  if  on  tbe  whole  it  should  be  judged  beet  to  re- 
tain them  under  acommon  jurisdiction.  Hisown  judgment  inclined  in 
favor  of  tbeir  entire  separation,  (a  tbe  presence  of  additional  engage- 
ments so  vast,  multiform,  and  important  as  thone  involved  in  the  con- 
duct of  tbe  Fish  Commission,  it  is  obvious  that  these  opinions  of  Pro- 
fessor Henry  would  have  gained  an  added  emphasis. 

Tbe  late  Secretary,  Professor  Baird,  while  acqniescing  id  the  strict 
views  of  Professor  Henry  with  regard  to  the  precise  terms  of  the  Smith- 
sonian bequest,  and  while  faithfully  working,  within  the  proi>er  sphere 
of  the  Smithsonian  Institntion,  on  the  general  lines  laid  down  by  his 
predecessor,  did  not,  it  is  presnmed,  entirely  share  Professor  Henry's 
opinions  as  to  the  reflex  inflnence  and  effect  exerted  by  the  adjoocts  in 
question  upon  tbe  normal  function  and  legitimate  fame  of  tbe  Smithson- 
ian Institution.  Endowed  with  a  wonderful  capacity  for  administrative 
detail,  and  capable  of  inspiring  his  subordinates  with  entbusiam  in  their 
work  and  with  loyalty  to  their  odScial  chief,  be  doubtless  saw  in  these 
manifold  adjuncts  of  the  Institntion  only  so  many  auxiliaries  to  its  be- 
neficent design  {"  the  increase  and  diffusion  of  knowledge  among  nien^i 
and  therefore  only  so  many  additional  accessories  to  its  usefulness  and 
glory. 

Setae  your  committee  are  to  execute  the  will  of  the  Regents  and  not 
at  all  to  define  the  scope  or  policy  of  the  Institution,  it  would  obviously 
be  impertinent  on  our  part  to  essay  any  prejudgments  on  the  questions 
that  may  be  raised  by  tbe  existing  attitude  of  the  Institution  consid- 
erol  in  the  kind  or  degree  of  its  relations  to  the  National  Museum,  to 
the  Bnreau  of  Ethnology,  and  to  tbe  Fibh  Commission.  Tbe  former 
two  of  these  adjuncts  are  parts  and  parcel  of  our  jurisdiction,  while  the 
latter  from  it«  inception  was  placed  under  the  responsible  management 
of  the  Ute  Secretary,  and  is  now  nnder  the  direction  of  Assistant  Sec- 
retary Goode. 

n,g,t,7i.-JM,COO<^IC 


JOUKVAL   OF   PROCKEDISOS.  XLl 

But  while  we  ran  not  venture  on  any  ilefluitions  of  ]>olicy  (all  ques 
tiou»ol  policy  having  been  left  by  ii«  in  abeyance),  we  may  )iroi>erly  re- 
call to  the  recollection  of  tlio  BoanI  one  great  leading  principle  which 
has  prevailed  in  theailministration  of  the  Institution  from  its  begin, 
ning  down  to  the  present  day  ;  that  principle  is,  that  the  Secretary  is 
cbarg<.>d  with  plenary  power  in  bin  office,  and  therefore  with  »ii  entire 
ami  niidivided  responsibitiry  for  the  right  and  proper  administration 
of  the  Stnithson  trust.  That  tru.st  gives  to  him  the  reason  of  his  offi- 
cial being,  and  it  is  conferred  by  tbellegents,  without  restrictions  of 
rlieir  own,  hecaase  of  the  confidence  re)>osed  in  the  ability,  >ntegrity, 
and  discretion  of  the  Secretary.  Hence  any  change  of  policy  which 
ahunid  require  a  division  of  responsibility  because  of  a  multiplicity  or 
heterogeneity  of  operations,  would  work  an  entire  change  in  the  theory 
of  onr  administration,  would  breait  up  the  conliunity  of  our  history^ 
and  might  seriously  jeopard  the  efficiency  of  the  Institution  by  marring 
its  harmony  .and  unity.  This  hiirmouy  and  this  unity  of  operations 
would  tlierefore  seem  lo  require  the  establishment  of  a  permaneut  and 
definite  line  of  policy  to  be  pursued  by  the  Institution  as  far  aa  pos- 
sible without  break  and  without  chasm  liecause  of  change-s  occurring 
iu  its  executive  head. 

It  is  obvious  that  anything  like  a  fundamental  revision  and  reconsti- 
tation  of  the  proper  work  and  proper  relations  of  the  Institution  re- 
curring periodically  at  the  death  of  each  Secretfiry  wonld  be  fraught 
with  serious  detriment  to  its  usefulness  and  to  its  fame.  But  if  the 
specific  nature  and  at  the  same  time  the  enxemble  of  its  general  oijera- 
tioDs  can  be  maintained,  it  would  seem  that  those  operations  may  re- 
ceive any  addition  or  undergo  any  extension  which  shall  be  found 
compatible  with  prudent  and  efficient  administration  under  a  single 
head  How  far,  therefore,  the  ties  which  now  bind  the  Institntion  to 
the  National  Museum,  to  the  Bureau  of  Ethnology,  and  to  certain  sci- 
entific aspects  of  the  Fisb  Oommission,  should  be  tightened  or  loosened 
is  a  question  of  espediency  to  be  determined  by  a  careful  analysis  and 
a  ilebberate  weighing  of  all  the  elements  involved  in  the  problem  set 
before  us — that  is,  by  considering  and  judging  how  far  each  and  all 
of  these  adjuncts  may  be  made  ancillary  to  the  proper  work  of  the 
Smithsonian  Institution  under  the  conduct  of  a  single  responsible  ex- 
ecutive officer. 

It  is  with  these  general  convictions,  and  with  the  view  of  bringing 
more  definitely  before  ynn  the  subject-matters  which  would  seem  to 
call  for  deliberation  at  thisextraordinarysession,  that  we  venture  tosnb- 
mit  the  following  resolutions  to  your  consideration,  some  of  which,  it 
vill  be  seen,  are  suggested  as  mere  starting  points  for  discussion : 

1.  Resolced,  That  a  committee  of  three  Regents  beappoiitted  to  draft 
reaolntions  expressive  of  the  exalted  admiratiou  cherished  by  the  Board 
for  the  late  Spencer  F.  Baird,  li,.  d.,  our  gratitude  for  the  long,  faith- 
ful, and  abundant  labors  which  be  performed  in  the  service  of  this  In- 
stitution, our  reverence  for  his  memory,  and  our  profound  sense  of  the 
loss  which  the  cause  of  science  has  sustained  in  his  lamented  death. 
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2.  Retolved,  Tliat  tbis  Bonn)  do  now  proceed  at  once  to  tlie  electiouof 
a  SiMSretary  to  All  the  vacaiic.v  created  l>j'  tbe  deatli  of  Professor  fiaird, 
ami  that  ttie  rigbts,  powers,  and  duties  of  tlie  Secretary  thus  elected, 
as  well  as  bis  salary  and  emoliiinents,  sball  be  the  same  as  those  pre- 
scribed by  tbe  existing  regulation b. 

3.  Resolved,  That  the  newly  appointed  Secretary  is  hereby  i«qneBt«d 
to  make  report  in  writing  at  the  coming  annual  meeting,  on  any  cb»Dg»< 
which  may  seem  to  him  desirabte  in  tbe  orgauization  of  the  Smitbsoniau 
Institution  considered  in  its  relations  to  tbe  National  Alasenm,  to  tlie 
Bureau  of  Ethnology,  and  to  tiiich  scientific  aspects  of  the  Pisb  Com- 
mission  as  be  may  deem  germane  to  tbe  proper  theory  of  the  Institu- 
tion, a»d. which  shall  be  capable  of  reduction  under  its  wise  and  effi- 
cient administration — that  is,  to  consider  and  report  how  far  tbe  existing 
relations  between  all  or  any  of  tbene  adjuncts  and  the  Smitlisooian  In- 
stitation  should  be  increased,  altered,  diminished,  or  abolished  in  order 
the  better  to  promote  tbe  original  and  organic  design  of  tbe  lostitntion 
as  established  by  Congress. 

4.  liejiolved,  That  a  committee  of  three  shall  be  designated  by  tbe 
Cbnir,  to  be  composed  of  one  Begeut  appointed  from  the  Senate,  one 
Uegent  appointed  from  tbe  House  of  Representatives,  anfl  one  Begent 
appointed  from  the  States,  whose  doty  it  shall  be  to  investigate  aod 
consider  all  the  questions  that  may  be  suggested  by  the  nature  or  ex- 
tent of  the  relations  now  subsisting  tietweeii  the  Smithsouian  Institu- 
tion and  any  or  all  of  Ihe  other  objects  and  ailjuncts  which  arc  now 
more  or  less  definitely  and  completely  under  its  adminiEtratiou,  or  un- 
der thepersonal  administration  of  its  Assistant  Secretary;  that  thesaid 
committee,  in  maturing  their  views,  be  invited  freely  and  frankly  to 
acquaint  themselves  with  the  opinions  and  judgments  of  the  Secretary, 
who,  to  this  end,  is  hereby  requested  to  communicate  to  the  said  com- 
mittee, in  the  first  instance,  any  recommendations  which  he  shall  sub- 
mit in  pursuance  of  the  preceding  resolution ;  and.  finally,  that  the  said 
committee  be  instructed  to  report  to  the  BoanI  at  the  annual  meeting 
appointed  to  take  place  on  the  I8th  of  January  next,  a  digest  of  any 
additional  plans,  (lohcies  or  methods  of  administration  which  they  shall 
judge  expedient  in  onler  to  meet  any  adjustment  nt  relations  that  shall 
seem  to  be  required  by  the  best  interests  of  tbe  Institution  committed 
to  our  charge." 

The  first  resolution  in  tbe  foregoing  series  was  then  taken  up  for  con- 
sideration, and  on  motion  of  Dr.  Gray  it  was  adopted, 

Messrs.  Gray,  Ingalls,  and  Welling  were  appointed  a  committee  to 
draft  resolutions  in  honor  of  the  late  Secretary,  and  that  committee, 
through  its  chairman.  Dr.  Gray,  reported  tha  following  preamble  and 
series  of  resolutions : 

Whereas  in  the  dispensation  of  Divine  Providence,  tbe  mortal  life  of 
Spencbb  Fullebton  Baibd  was  ended  on  tbe  lOtb  of  August  last, 
tbe  Itegeuts  of  the  Smithsonian  Institution,  now  at  the  earliest  practi- 
cable moment  assembled,  desire  to  express  and  record  their  profound 
sense  of  the  great  loss  which  this  InsMtntion  has  thereby  sustained, 
any  which  they  personally  have  sustained,  and  tliey  accordingly  re- 
solve— 

I.  That  in  the  lamented  death  of  Professor  Bainl  the  Institntion  is 
bereaved  of  its  honored  and  efficient  Secretary,  who  has  faithfully  and 
unremittingly  devoted  to  its  service  bis  rare  administrative  abilities  for 
thirty-seven  years;  that  is,  almost  from  the  actual  toHudatip^  of  the 
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eetftblisbinent,  for  tbe  last  nine  years  ar  its  cbief  executive  officer,  nnder 
whose  saffacioDK  maiiageiDeiit  it  bas  greatly  i)ro»iien^<l  anil  widelv  ex- 
tended its  aaefaloeBs  and  its  renown. 

3.  Tbat  tbe  NatiouftI  Maseum,  of  wbicb  this  Institntion  is  tbe  admin- 
istrator, and  tbe  Fish  Commission,  whicb  t»  practically  affiliated  to  it — 
both  organized  and  la  a  just  sense  creAt«d  by  our  lat«  iSecretary — are  by 
this  bereavement  deprived  of  the  invaluable  and  un[>aid  services  of  their 
indefatigable  official  head. 

3.  Th;it  the  cultivators  of  science,  both  in  this  country  and  abroad, 
have  to  ileplore  the  loss  of  a  veteran  and  distinguished  naturalist,  who 
vas  from  early  years  a  sedulous  and  successful  investigator,  whose 
native  gifts  aotl  whose  experience  in  systematic  biological  work  served 
ill  no  small  degree  to  adapt  bim  to  tbe  administrative  duties  wbicb 
fllle«l  thelateryearsof  his  life,  but  whose  knowledge  and  whose  interest 
ill  science  widened  and  deepened  as  his  opportunities  for  special  investi- 
gation lessoned,  and  who  accordini^ly  used  his  bust  endeavors  to  pro- 
mote I  be  researches  of  his  fellow  naturalists  in  every  part  of  the  world. 

i.  That  bis  kindly  disposition,  equable  temper,  singleness  of  aim, 
and  nnsntlied  purity  of  motive,  along  with  bis  faeilo  mastery  of  affairs, 
greatly  endeared  bim  to  his  sulwrdinates, secured  tohiin  the  confidence 
and  trust  of  those  whose  influence  he  sought  lor  the  advancement  of 
the  interests  he  had  at  heart,  and  won  the  high  regard  anil  warm  affec- 
tion of  those  who,  like  the  members  of  this  Board,  were  officially  aud 
iotiinately  associated  with  him. 

5.  .That  without  intruding  into  tbe  domain  of  private  sorrow  tbe  Re- 
gents of  tbe  Institution  would  respectfully  oS^r  to  the  family  of  their 
late  Secretary  the  assurance  of  tbeir  profound  sympathy. 

6.  That  the  Begent«  invite  tbe  near  associate  of  the  late  Secretary, 
Professor  Goode,  to  prepare  a  memorial  of  tbe  life  and  services  of  Pro- 
fessor Biiird  for  publication  in  the  ensuing  annual  report  of  the  Institu- 
tion. 

The  resolutions  were  seconded  by  Dr.  Copp^e,  who  maile  the  following 
remarks : 

Mr.  Chancellor,  I  rise  to  second  the  resolutions. 

As  I  have  been  to  some  extent  associated  with  Professor  Baird  as 
Regent  since  1874,  when  I  found  him  here  as  Assistant  Secretary  of  the 
Smithsonian  Institntion,  to  which  post  he  was  appointed  in  la-lO,  it 
iDiiy  be  proper  that  I  should  ask  your  patience  wbilt^  I  add  a  single 
word  to  the  eloquent  tribute  of  just  eulogium  offered  to  bis  memory 
in  tlie  resolutions  of  Professor  Gray  and  tbe  committee. 

When  the  distinguished  Professor  Henry  was  called  to  bis  rest  and 
reward  in  1878,  amid  tokens  of  grief  in  yonder  Capitol,  there  was  a 
bearty  concurrence  of  voices  in  tbe  Board  of  Kegents  to  appoint  Pro- 
fessor Baird  to  the  vEtcant  place.  At  that  time,  sir,  it  seemed,  in  con- 
tradiction of  the  masim  of  tbe  French  philosopher,  that  he  was  s  neces- 
sary man.  His  large  scientific  scope,  bis  great  knowledge  and  success 
as  a  specialist  in  natural  history  just  when  thai  branch  of  science 
needed  particular  attention  to  meet  its  expanding  claims,  bis  wonder- 
fal  industry,  his  intimate  acquaiotance  with  the  system  and  tbe  details 
of  the  Institution,  his  thorough  and  brotherly  sympathy  with  its  scien- 
tific workers,  and,  witbal,  his  great  and  increasing  reputation,  formed) 
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in  the  view  of  tlio  Itcgent**.  the  slronfiest  gioiitiils  for  his  appoiotment. 
Witlioiit  ninkiii^  compariNorm,  lio  nsB  eiiiiuenll.v  wortbj'  to  succeed odt 
earlier  nnd  illnstrinns  scientist  and  Secretnry. 

Earuest, courteous,  painstaking  and  exact,  lie  allowed  tbe  InstitotioD 
to  suffer  no  detriment  at  liis  bands.  It  is  .specialty  significant  of  hia 
□uremitting  care  forit,  tbat,  last  year  wbeu  he  wassuflering  from  nerv. 
0118  prostration,  in  liis  eagerness  to  provide  for  its  futnre  welfare  lie 
asked  the  Board  to  appoint  an  assistant,  who  should  aid  him  in  biB 
onerous  labors,  nnd  who,  in  the  event  of  his  |>ermanent  disability  or 
death,  should  assume  the  government  of  the  Institution  until  the  Boawi 
of  Regents  could  take  action. 

Sir,  the  sa<l  necessity  came  far  too  soon.  It  has  called  as  togetber 
to-day  to  mourn  his  loss,  recall  bis  virtues  and  merits,  and  fill  his 
vacant  place. 

The  Smithsonian  Institution,  which  bad  but  oue  Secretary  before 
him,  -will  in  the  flight  of  time  have  nmny.  Let  me  conclude  by  expret* 
ing  my  conviction  that  among  them  there  will  not  be  a  more  excellent 
Secretary  than  he,  nor  a  nobler  character  than  that  of  Spencer  Puller- 
tou  Baird. 

Ibe  resolutions  were  then  unanimously  adopted  by  a  rising  rot«. 

The  second  of  tbe  foregoing  resolutions  was  then  adopted,  and  im- 
mediately thereupon  Senator  Morrill  renewed  the  nomination  of  Pro- 
fessor Langley  as  Secretary  of  tbe  Smithsonian  Institution.       , 

The  motion  was  seconded  by  Dr.  Welling, 

In  rising  to  second  the  motion,  Dr.  Welliug  said  thnt  be  had  it  in 
charge  fVom  Professor  Langley  to  make  to  the  Board  on  his  behalf  a 
certain  representation  which  seemed  to  him  (Professor  Langley)  to  be 
due  in  order  that  the  pending  question  might  be  considered  with  entire 
candorandfreedom  on  all  sides.  Dr.  Welling  said  that  it  was  well  miiler- 
stood  that  Professor  Langley  had  been  nominated  by  the  late  Secretary' 
as  an  assistant  secretary  of  the  Institution  because  of  tbe  eminent 
ability  he  had  shown  and  the  distinguished  reputation  be  had  already 
gaiued  as  an  original  investigator  in  an  important  branch  of  jtbysical 
science.  The  achievements  which  Piofessor  Langley  had  made  in  astro- 
nomical physics  were  of  a  natnre  to  shed  luster  on  his  name  and  do  high 
honor  to  American  science.  Tt  would  be  a  great  loss  to  the  cause  of 
science  and  a  great  loss  to  the  best  interests  of  this  Institution  if  the 
capacity  for  original  research  thus  demonstrated  by  Professor  Langley 
should  be  smothered  by  the  mere  drudgery  of  official  cares  and  admin- 
istrfitive  detyihs.  It  might  be  proper  to  state  that  Professor  Langley 
had  brought  himself  to  entertain  the  proposition  now  pending  before 
tbe  Board  only  after  ranch  misgiving  on  bis  own  part,  and  after  much  ear- 
nest remonstrance  on  the  part  of  the  friends  who  knew  him  best  as  a 
scientific  worker,  and  who  feared  that  in  accepting  this  ofBce,  dignified 
and  inviting  as  it  is,  he  might  be  making  a  mistake  for  the  interests  of 
science  and  for  himself  by  sacrificing  even  higher  duties  and  foregoing 
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eveu  higher  honors  tbau  those  awaitiDg  hiru  as  director  of  Uiis  lusti- 
tntioD. 

Now  however  that  the  qnestion  of  the  succesaion  in  the  offioe  of  the 
Secretary  had  been  precipitated  at  an  earlier  date  than  we  all  had  es- 
itecte<l  when  he  was  choseu  au  assiijtant  secretary,  Professor  Langtey 
held  that  it  was  due  to  the  Board  aud  due  to  biniself  that  he  should 
rraukly  state  the  understaudiug  with  which  be  had  tioally  brought  hiui- 
isetf  to  the  belief  that  it  was  his  duty  to  accept  the  otUce  of  Secretary  if 
it  should  be  conferred  upon  him  by  the  Board.  This  auderstauding  was 
tbat  while,  if  called  to  sach  a  respousible  trust,  he  must  nee^ls  give  with 
uU  fidelity  and  with  all  conscientiousness  the  full  measure  of  time, 
Uionght,  ami  care  which  shall  seem  to  be  retguired  by  the  Institution 
aud  by  its  adjuncts,  he  did  QOt  construe  this  obligation  as  precluding 
the  possibility  of  sometimes  giving  to  himself  that  physical  rest  and 
mental  diversion  which  should  come  to  every  man  who  is  hardened 
vith  the  discharge  of  au  exacting  office.  Professor  Langley  had 
doubtless  observed  that  the  first  Secretary  of  the  Institution,  Professor 
Henry,  had  sought  such  rest  and  such  diversion  in  the  change  of  labor 
brought  to  him  by  the  chairmauiihip  of  the  Light-House  Board,  and  in 
the  performance  of  this  function  we  all  knew  that  Professor  Henry  had 
done  good  work  for  the  cause  of  science  (as  wituess  Lia  researches  in 
sound  and  in  the  economies  of  light-house  illumiuauts),  and  therefore  a 
work  w^ich  had  redounded  to  Che  honor  of  the  Smithsonian  lustitatiou. 

Professor  Langley  had  also  observed,  we  may  presume,  that  the  late 
Secretary,  with  the  approval  of  this  Board,  had  engaged  in  great  aud 
useful  lat>ors  connected  with  the  Pish  Oommissiou,  aud  that  hence  in 
our  judgment  there  was  no  iucompatibility  in  the  pursuit  by  our  Secre- 
tary of  certain  labors  extraneous  to  the  immediate  precincts  of  the  lu- 
stitution,  if  they  ooald  be  pursued  without  detriment  to  its  best  efficiency 
and  to  the  full  development  of  its  capacity  for  iisefuluess.  It  was  in 
this  view  that  Professor  Laugley  begged  leave  to  represent  that  he,  too, 
might  sometimes  wish  to  find  rest  and  refreshment  in  a  change  of  labor 
from  the  ordinary  routine  of  official  administration  in  connection  with 
the  Institution,  and  he  would  naturally  look  for  such  rest  and  refresh- 
ment in  the  further  pursuit  of  bis  favorite  scieutifio  researches,  so  far, 
and  only  so  far,  as  that  pursuit  could  be  made  consisteut  with  his  para- 
mount duty  to  the  Smitbsouiau  Institution. 

Dr.  Welling  then  added  that.speakiug  for  himself  as  a  member  of  the 
Board,  he  felt  free  to  express  the  conviciiou  that  these  "leisure  labors" 
Tonld  serve  to  enhance  the  title  of  Professor  Langley  to  the  Director- 
ship  of  au  Institution  which  had  for  its  object  "  the  increase  and  diffu- 
BioD  of  knowledge  among  meu ; "  and  while  the  statement  thus  maile 
»t  the  instance  of  Professor  Langley  might  have  seemed  to  be  required 
bf  an  honorable  frankness  on  his  part,  the  Board  would  be  likely  to 
fiud  in  this  frankness  a  further  ground  of  cunfldenco  in  the  high  sense 
of  honor  aud  duty  which  he  would  bring  to  the  discharge  of  his  respqn- 
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sible  office.  We  might  tberefore  tniBt  with  the  full  assaronce  of  faith 
that  the  lostitutioQ  iu  bis  case,  as  in  the  case  of  bis  distingoiahed 
pre<]eces80r8,  would  be  only  the  gainer  by  such  iotervalB  of  rest  as  tie 
migbt  seek  iu  the  interest  of  bis  bealtb,  and  by  such  vicissitudes  of 
labor  as  he  might  seek  iu  the  ioterest  alike  of  this  Justitution  and  of  his 
chosen  studies.  Such  iutervaln  of  rest,  orat  least  sucb  variety  of  labor, 
were  especially  necessary  to  a  man  who  is  placed  under  stress  ami  pres- 
sure of  taeavy  administrative  cares,  like  those  devolved  on  the  Direcur 
of  this  Instilntiou,  and  the  Board  had  in  the  character  of  Professor 
Langley  the  best  possible  guarauty  that  he  could  be  freely  trusted  to 
decide  all  such  questions  of  duty  according  to  a  delicate  and  conscieo- 
tioas  sense  of  right. 

The  Board  then  proceeded  to  ballot  for  the  election  of  Secretary.  Ten 
votes  were  cast,  all  of  which  were  found  to  be  for  Professor  Langley, 
who  was  thereupon  declared  by  the  Chancellor  to  be  duly  elected  as 
Secretary  of  the  Smithsonian  Institution. 

After  some  discussion  upon  the  remaining  two  resolutions  in  the  fore- 
going series  as  reported  by  the  executive  committee — a  discussion  pai- 
ticipated  in  by  Messrs.  Morrilt,  Welling,  Gray,  Copp^e,  and  others— 
the  resolutions  were  withdrawn. 

Dr.  Welling  was  appointed  to  inform  Professor  Langley  of  his  elec- 
tion, aud  having  done  so,  he  was  introduced  to  the  Board,  and  iu  a  few 
remarks  expressed  bis  acceptance  of  the  office  ofSecretary  within  solenm 
sense  of  the  responsibility  devolved  upon  him,  and  high  appnxuatiou 
of  the  honor  which  bad  been  conferred. 

Dr.  Welling  offered  the  following  resolution,  which  was  adopted : 

Whereas  the  remains  of  the  late  Prof.  Spencer  F,  Baird  have  not  yet 
been  committed  to  their  last  resting  place;  and 

Whereas  this  solemn  ceremonial  has  been  postponed  at  the  reqnest 
of  members  of  this  Board  and  others,  that  the  friends  of  the  late  Secre- 
tary iu  Congress  migbt  have  the  opportunity  of  testifying  by  their  pres- 
ence at  his  grave  the  respect  in  which  they  hoht  him  while  living,  and 
their  reverence  for  his  memory  now  that  he  is  no  more:  Therefore  be  it 

Resolved,  That  the  Secretary  of  the  Institution,  after  couference  with 
Mrs.  Baird,  be  requested  to  issue  public  notice  of  the  time  and  place 
which  shall  be  appointed  for  these  funeral  services,  and  to  send  a  spe- 
cial notice  to  the  members  of  the  Smithsonian  EstablishmeDt  and  of 
the  Board  of  Regents. 

On  motion  of  General  Meigs  it  was — 

Resolved,  That  the  Secretary  be  authorized  to  call  the  annual  meet- 
ing of  the  Board  for  the  present  year  at  the  time  Used  for  the  funeral 
of  Professor  Baird. 

On  motion  of  Dr.  Co[>p^e  it  wa»— 

Resolved.  That  the  Secretary  be  authorized  to  purchase  the  oil  por- 
trait of  Professor  Baird,  painte^l  by  Henry  Ulke,  now  exhibited  t*  the 
Regents,  at  a  cost  not  to  exceed  $300. 

The  Board  then  adjourned  to  meet  at  the  call  of  the  Secretary. 


REPORT  OF  S.  P.  LANGLEY, 

SECRETARY  OP  THE  SMITHSONIAN  INSTITUTION, 
FOB  THE  TBAE  ENDING  JUNE  30.  1880. 


To  the  Board  of  Regents  of  the  Smitksonian  Inetttution: 

Gbntlemen  :  I  have  the  honor  to  preseot  the  report  upon  the  oper- 
atkws  of  the  BmithBODiao  iDstitntiou  for  the  year  eading  June  30, 1889, 
together  with  the  costomary  stiinmary  of  the  work  performed  by  the 
BDreaa  of  Exchanges,  the  Natiooal  Musentn,  and  the  Bureau  of  £th- 

THE  SMITHSONIAN  INSTITUTION. 
THE  BOARD  OF  SEGENTS. 

Ab  the  AuDnaJ  Reports  of  the  Secretary  are  iiitcmlcd  to  present  a 
history  of  the  afTairB  of  the  lustitution,  it  seems  proi>cr  to  state  that  by 
tbe  appointmeut  of  the  Hon.  Melville  W.  Fuller  as  Chief  Justice  of  the 
UDited  States,  the  Utter  became  ex  offimo  a  regeut  of  the  Institution, 
and  that  at  the  annual  meeting  of  the  Board  of  Regents,  held  on  the 
9th  of  January,  1889,  be  waEj  unantmously  eleitted  its  chancellor. 

The  Hod.  Levi  P.  Morton  has  become  a  Regent  by  his  election  as 
Vice-President,  the  holder  of  that  high  ofhoe  being  ex  officio  a  Regent 
of  the  Institution. 

The  terms  of  Senator  S.  M.  Collom,  appoiuted  March  23, 1885,  and 
Senator  R.  L.  Gibson,  appointed  December  10, 1887,  having  expired  on 
March  3  of  the  present  year,  those  gentlemen  were  i«-appointed  by  the 
Preaideiit  of  tbe  Senate. 

The  Board  has  lost  from  it«  Dumber  by  death  the  Hon.  S.  S.  Cox,  long 
connected  with  the  Institution;  but.thiseveuthaviQgoccurredslocethe 
c-ipiratioD  of  tbe  year  which  forms  the  subject  of  this  report,  the  re- 
marks called  oat  by  this  great  loss  will  be  more  properly  made  iu  a  later 
commnnioatioD. 

VINANCES. 

I  have  in  my  last  report  referred  to  the  fact  that  owing  to  tbe  chang- 
ing value  of  money,  the  purchasing  power  of  tbe  Smithsonian  fund,  in 
ilie  language  of  a  committee  of  the  Regents — 

''While  nominally  fixed,  is  growing  actually  less  year  by  year,  aud  of 

less  and  lens  importance  in  the  work  it  accomplishes  with  reference  to 
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the  immeuse  extonaion  of  the  coantry  since  the  GoTemmeDt  accepted 
the  trast ; " 

Bp  that  it  seema  ntOBt  desirable  that  the  fund  should  be  enlarged,  if  only 
to  repreaent  tbe  ori^nal  position  of  its  finances  relatively  to  those  of 
the  country  and  institations  of  learning,  and  nothing  has  occnired  id  the 
conrae  of  the  last  year  which  doea  not  rather  increase  than  diminish  tbe 
force  of  such  an  observation.  It  is  on  tbe  Congressional  Begents  that 
the  Institution  must  largely  depend  for  making  its  wants  known  U> 
Congress,  and  with  reference  to  the  suggestion  that  tbe  Smithsonian 
flind  should  be  enlarged  by  re-con tribation  from  the  Governmentas  well 
as  from  contribntions  from  private  iudividuals,  I  desire  to  repeat  the 
remark  of  Professor  Henry,  made  iu  1873,  to  the  effect  that  tbe  Govern- 
ment, in  equity,  should  then  have  paid  the  Iiistitntion  $300,000  for  the 
use  of  the  present  building.  This  building,  erected  wholly  out  of  Smitt- 
sonian  funds,  at  the  cost  of  over  half  a  million  dollars,  has,  with  the 
exception  of  a  small  portion,  continued  to  be  used  rent  firee  by  the 
Qovernment  ever  since  that  time. 

I  recall  briefly  in  this  connection  the  well  known  facts  that  tbe  will 
of  James  Smithson  was  made  on  October  23, 1826,  and  that  by  an  act 
of  Congress  approved  July  1,  lS3fi,  the  bequest  v/aa  accepted,  while 
under  the  act  of  August  10,  184G,  a  deflnite  plan  of  organization  was 
adopted,  and  that  finally,  by  the  act  of  February  8,  1867,  the  Regents 
were  authorized  to  add  to  the  Smithsonian  f^nd  such  other  sum  as  tbcy 
might  see  fit  to  deposit,  not  exceeding,  with  the  original  bequest,  the 
sum  of  $1,000,000. 

Tbe  original  bequest  and  the  snma  since  added  are  as  follows : 

Sequent  of  StnithBon,  1346 ^15,11)9.00 

Residnary  legacy  of  Smitbson,  1867 36,!10.63 

DeponitB  fVoto  suviii)^cf  iuooDio,  etc.,  1667 108,G30.37 

Bequest  of  James  Hamilton,  1674 1,000.00 

BequeatofSimeonHabel,  1880 500.00 

Deposit  tiom  proceeds  of  sale  of  bouds,  1881 51,500.00 

Total  permanent  BmithsoDiaD  fuud  in  tbe  Treaauiy  of  the  United 
States,  bearing  interest  at  G  per  cent,  peraanain 703,000.00 

There  may,  therefore,  be  added  to  the  fuud  nearly  $300,000,  on  which 
the  Institution  is  entitled  to  receive  6  per  cent,  under  the  act  of  February, 
1867,  while  it  bus  received  in  bequests  ouly  the  insiguiflcaut  sum  of 
$1,500.  Tliis  is  in  strife  ing  contrast  to  tbe  hberality  which  is  understood 
to  have  endowed  more  than  one  American  institution  of  learning  within 
this  time  with  somethlni;  like  ten  times  tbe  amount  of  the  entire  Smith- 
sonian fnnd.  Ho  iuBtitntion  in  tbe  country,it  is  believed,  enjoys  wider 
measnre  of  public  confidence  or  is  more  universally  known,  and  it  wonid 
seem  that  some  action  might  well  be  taken  to  bring  these  facts  before 
those  who  are  seeking  a  trustee  for  the  disposition  of  means  iutftnded 
for  the  advancement  of  knowledge. 

In  this  connection,  however,  it  seems  i)roper  to  invite  the  attention  of 
the  Begents  to  the  circumstances  of  the  bequest  of  James  Hamilton, 
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who  doDBted  tl,000  to  the  lostitatioa  in  1874,  the  interest  on  which  was 
to  be  appropriated  biennially  for  a  oontribotion,  paper,  or  leetore  on  a 
Bcientific  or  nsefnl  sabjecL  Tonr  former  Secretary,  Prof.  Joseph  Henry, 
in  bis  report  for  1874,  states  that — 

"The  first  iDBtallment  of  interest  on  the  Hamilton  beqnest  hasjiut 
been  received,  and  will  be  appropriated  in  accordance  with  the  will  of 
the  testator  at  the  end  of  next  year,  and  so  on  continualljr-  at  the  end  of 
every  two  years." 

And  he  adds — 

"  A  statement  of  the  maoDer  c^  spending  this  income  will  be  given  in 
the  acconnts  of  the  operations  of  the  iostitation  with  dne  credit  to  Uie 
donor.  His  name  will  therefore  appear  from  time  to  time  in  the  annual 
reports  and  thns  be  kept  in  perpetaal  remembrance." 

Professor  Henry  continaes,  in  this  connection : 

"When  the  pnblic  shall  become  more  familiar  with  the  mano^  in 
which  the  income  of  the  additionsd  beqneets  to  the  Smithsonian  fond 
i»  expended,  with  the  permanence  and  security  of  the  investment,  and 
with  the  means  thus  afforded  of  advancing  science  and  of  perpetnating 
tbfl  names  of  the  testators,  we  donbt  not  that  additions  to  the  fnnd  in 
this  way  will  be  made  until  it  reaches  the  limit  prescribed  by  law  of 
tl,00O,000." 

Uwing,  perhaps,  to  the  small  amount  of  this  bequest,  the  intent  of 
the  Secretary  does  not  appear  to  have  been  fulfilled.  No  contribution, 
piper,  or  lecture  seems  to  have  ever  been  fornished,  bienoially  oroUier- 
irise,  and  with  the  exception  of  the  exploration  of  certain  bone  caves, 
mentioned  in  the  report  of  the  Secretary  for  1876,  the  income  has 
remained  unexpended. 

I  shall  have  elsewhere  to  speak  of  the  great  loss  the  Institution  has 
sustained  in  the  death  of  Dr.  J.  H.  Kidder,  curator  of  exchaoges}  but 
I  refer  to  it  here  only  io  connection  with  a  bequest  made  by  him,  eon- 
Btitnting  the  Institution  one  of  his  residuary  legatees.  This  bequest, 
the  terms  of  which  are  still  awaitiug  the  cousideiation  of  the  Begenta, 
will  be  more  properly  described,  in  detail,  after  their  action  apon  it, 
which  can  not  well  form  a  portion  of  the  present  report. 

At  the  beginning  of  the  fiscal  year  the  balance  on  baud  of  the  income 
Irom  the  fund  was  $4,809.23.  The  interest  has  been  (42,180,  while 
fnm  miscellaneous  sources  (3,760.53  have  been  received.  The  total 
expenditures  have  been  $3^,992.29,  leaving  on  July  1, 1889,  (11,757.47, 
a  somewhat  lai^er  balance  than  nsuat,  which  has  been  retained  to  meet 
certain  delayed  expenditures. 

The  Institntion  is  charged  by  Congress  with  the  disbursement  of 
uindry  appropriations  through  the  Secretary,  as  follows: 

For  intematioDslexcbangee $15,000 

FDrgthDoIoEJcalreeearchea 40,000 

For  premration  of  col  lections,  National  Hiuenm 1^,000 

ForfaTnitDreandaxtarM,  National  MaBeom 40,000 

Fivlieating  and  lighting,  NatioDftI  Hawnm 12,000 
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Tbe  Toaeb«r8  for  the  expeodltnresfiromtbeapprotwlstionsMe passed 
apon  by  tbe  execative  committee  of  tbe  Board  of  B^geets  wUib  the  ex* 
ceptioQ  of  those  for  ethnological  researches.  The  disbnroemeiita  from 
tbe  latter  appropriation  are  made  ander  the  direction  of  JAbjoc  Powell. 

The  estimates  prepared  to  be  submitted  for  the  fiscal  year  ending 
June 30, 1889,  were  as  follows: 

InternatioDal  nchangM • fgJ.dSO 

Ethnological  reeearohM SO,  000 

Preserration  of  collections 130^400 

Fiirnitare  and  fixtures 40,000 

Heating  and  lighting 13,000 

For  which  Congress  appropriated  as  follows : 

International  exobangea IS,  000 

Ethnological  researches .—  ....      40,000 

PreaerratioD  of  collections IK,OO0 

Fnniitare  and  flxtnres 40,000 

H«at)Dg  and  lighting 13,000 

Of  tbe  first  of  these  items,  that  of  inteniatioual  exchanges,  argent  rep- 
resentations were  made  to  Congress  to  tbe  effect  that  thoi^h  it  had  as- 
sumed the  cbarge  of  this,  the  expenditures  of  the  Bnrean  (whose  work 
largely  consists  of  the  transportation  of  Government  documents)  con- 
tinue to  bemet,  iu  part,  from  the  private  fond  of  thelcstitntdon,  bnt^as 
will 'be  seeu,  do  change  iu  this  respect  has  been  made. 

The  estimates  prepared  to  be  snbmitted  for  tbe  fiscal  year  ending 
Juue  30, 1890,  were  as  follows: 

international  exchanges Twenty-seven  thousand  and  five  hundred 

dollars  was  asked  for ;  (be  House  committee  reported  tl6,000;  tbe  Ben- 
ate  committee  920,000;  and  the  amount  finally  appropriated  vas 
15,000. 

North  American  Ethnology, — The  appropriation  asked  for  this  service 
was  (50,000.  Tbe  House  reported  t40,000 ;  tbe  Senate  made  no  change 
and  the  amount  of  tbe  appropriation  remained  as  reported  by  tbeHonse. 

Pretervation  of  Collections,  U.  S.  National  lUuaevm, — Tbe  appropria- 
tion asked  for  this  service  was  tl60,000.  The  House  commitbee  reported 
$135,000;  the  Senate  commiUee  $145,000.  The  amount  finally  appro- 
priated was  $140,000. 

Furniture  and  Fixtures,  V.  S.  National  Museum. — An  estimate  of 
$35,000  wae  submitted.  The  Honse  committee  reported  $30,000;  the 
Senate  committee  also  reported  $30,u00  and  this  amount  was  appropri- 
at«d. 

Seating  nnA  Lighting,  U.  S.  National  Museum The  approprtatiou 

asked  for  this  purpose  was  $12,000.  This  amount-  was  agreed  to  by 
the  House  and  Senate  committees.  There  is  a  deficiency  of  $1,000  for 
the  purchase  of  coal. 

Living  Animals,  U.  B.  National  M-aseum. — An  estimate  of  $6,000  was 
submitted  for  this  service.    The  House  did  not  report  the  same. 

PosUtge-SUmq^and  Foreign  Postal-Cards,  TJ-.B.  National  Museum. — Ao 
appropriation  of  $1,000  was  asked  for  this  service.  The  same  wes 
reported  from  the  Senate  favorably,  where  it  originated,  and  passed 
the  House. 

Pnljlioations,  U.  8.  National  Museum, — Au  estimate  of  $15,000  was 
submitted  for  this  service.    The  House  reported  $10,000 ;  tbe  Senate 


SEFOET   OF   THE   SECBETABT.  O 

committee  reported  $12,000  (  and  in  conference  the  amonnt  as  reported 
bj  the  Uoase  was  agreed  npou. 

In  my  last  report  I  stated  that  it  was  desirable  that  the  apt»opria- 
tioBS  for  the  Mnsenm  shoald  be  made  under  the  direetiou  of  tite  Ingti- 
tatioD,  and  no  longer  under  the  Department  of  the  Interior,  and  I  gare 
a  eorrespondenee  with  tbe  honorable  the  Secretary  of  the  iDterimr  npou 
the  saloeot  I  am  hi^p;  to  state  that  the  Secretary's  assent  being 
given  the  appropiiatiouB  were  transferred  by  Gongrees  to  the  care  of  the 
IiatitatioQ,  and  are  now  disbursed  under  direotion  of  tbe  Regents  b; 
adisborsiBg  olerkin  tbe  Institution,  whose  twnds  haTe  Iteenaeoe^ted  l^ 
tiieTreasur}'  Department. 

A  detailed  statement  of  the  expenditures  for  the  fiscal  year  ISSf. 
onder  apprOpriationa  for  International  Excfaanguti,  Korth  Amwican 
Btlui(dogy,  and  the  Kata<Mial  Muaeam  is  given  in  the  report  of  the  Bt- 
ecutive  Committee. 

BUILDINGS. 

It  will  be  remembered  that  the  Board  of  Regents  in  their  meeUug 
January  17,  1833,  recommended  to  Congress  tbe  erection  of  a  new 
boildiug  planned  exclusively  for  moseum  purposes,  and  the  steps  taken 
in  pursuance  of  their  instructions  were  laid  before  the  Regents  in  my 
last  report,  but  1  regret  now  to  be  unable  to  reportany  farther  pn^reas. 
The  necessity  for  additioual  space  for  the  storage  of  oollections,  inde- 
pendent of  that  demanded  for  exhibition  purposes,  is  constantly  be- 
ooming  greater,  while  the  assignment  by  tbe  last  Oongreea  to  the  Fish 
Commission  of  the  principal  parts  of  the  rooma  occupied  by  the  Ma- 
seum  in  the  Armory  building  has  still  further  aggravated  the  crowded 
condition  of  the  Museum  exhibition  Ualla  and  storage  rooms,  and  I 
deem  it  my  doty  again  to  urge  the  necessity  of  tbe  erection  of  a  new 
building,  if  only  for  such  requirements  of  storage  as  may  be  inferred 
from  the  f<dlowlug  statements: 

Since  the  erection  of  the  present  Museum  building  there  have  been 
nearly  14,000  accessions  to  the  Museum,  cliiedy  by  gifts,  such  "acces- 
sions" representing  frequently  collections,  and  the  collections  inclading, 
in  many  cases,  tbonfiauds  of  specimeua.  From  tbe  year  1859  to  1880 
the  accessions  numbered  8,475.  It  is  thus  evident  that  during  the  last 
nine  years  the  accessions  have  exceeded  by  more  than  6,000  those  of  the 
previous  twenty-one  years. 

Among  the  more  recent  oollections  are  several  of  very  great  extent, 
such  as  the  bequest  of  the  late  Isaac  Lea,  of  Philadelphia,  wiufib  con- 
tains 20,000  specimens  of  sbellu,  besides  minerals  and  other  objects ; 
the  Jeffries  collection  of  fossil  and  recent  sbells  of  Enrope,  including 
40,000  specimens ;  the  Stearns  collectiou  of  mollusks,  uumbering  100,- 
000  specimens ;  the  Kiley  collection  of  insects,  containing  150,000  speci- 
mens; the  Oatlin  collection  of  Indian  paintings,  abont  500  in  number; 
the  txdlecUon  of  the  American  Institute  of  Mining  Eugineers,  for  the 
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tranaportation  of  which  to  Washington  aeveral  ft«igbt-care  were  re- 
qoired;  the  Shepard  colleccion  of  meteorites;  the  Wilson  collection  of 
aichffiological  objects,  loore  than  12,000  specimeua ;  tlie  Lorrillard  col- 
lection of  Oeotral  Americaa  aatiquities,  and  very  many  others  newlj- 
as  extensive. 

In  addition  to  these  are  the  extensive  collections  obtained  at  the  cIimc 
of  the  exhibition  in  Berlin,  Loudon,  and  Kew  Orleans,  the  aDDoally  in 
creasing  collections  transferred  to  the  Maseum  by  the  U.  S.  Geologic^ 
Survey,  the  U.  S.  Fish  Commission,  and  the  Bnreaa  of  Ethnology,  be- 
sides numerons  contributions  resalting  ^m  Government  expeditions 
as  well  as  those  made  by  officers  of  the  Army  and  Kavy,  and  otber 
Government  oflQcials. 

The  storage  sbeJs  contain  many  hnndreds  of  boxes  of  valuable  ma- 
terial wliich  we  have  not  room  to  aopack,  and  the  great  vaalts  noder 
the  Smithsonian  bailding,  and  many  of  the  attic  and  tower  rooms  are 
similarly  crowded. 

The  growth  of  several  of  the  most  important  departments  in  the 
Museum  is  serionsly  retarded  owing  to  the  fact  that  uo  exhibition  space 
is  available  for  the  collections,  and  that  there  is  not  even  storage  room 
where  incoming  material  can  be  properly  cared  for. 

The  collection  of  birds,  which  so  far  as  North  America  ia  concerned, 
is  the  finest  in  the  world,  and  now  nambera  nearly  60,000  specimens,  in 
very  inadequately  shown,  and  requires  double  the  case  room  now  avail- 
able. 

The  collection  of  mollusks,  which  ia  one  of  the  moat  complete  in  tlie 
world,  and  coutaina  nearly  470,000  specimens,  is  at  present  almost  en- 
tirely unprovided  for. 

The  collection  of  insects,  now  numbering  over  600,000  specimens,  is 
so  far  aa  North  America  is  concerned,  equally  i>erfect,  but  is  practically 
without  any  exhibitiou  space. 

The  same  ia  equally  true  in  regard  to  the  collections  of  birds*  eggs 
(more  than  50,000  specimens),  of  reptiles  [nearly  30,000  specimens),  of 
marine  invertebratea  (more  thun  515,000  specimens),  of  iuvertebrate 
fossils  (more  than  160,000  specimens),  and  of  fossil  and  recent  plants 
(nearly  50,000  specimens). 

Many  valuable  collections  elsewhere  than  in  Washington  are  at  tbe 
service  of  the  Maseum,  but  lack  of  space  has  compelled  us  to  decline  to 
receive  them. 

It  should  be  borne  in  mind  that  under  tbe  roofs  of  the  Smithsonian 
and  the  new  Museum  buildings  are  grouped  together  collections  whiob, 
in  Loudon,  Paris,  or  any  other  of  the  European  capitals,  are  provided 
for  in  different  museums,  for  the  accommodation  of  which  a  much  larger 
number  of  equally  comraodioua  buildings  is  found  needful. 

The  necessity  for  additioual  space  then  is  constantly  becoming  greater, 
and  there  is  the  further  reasou  that  by  tbe  action  of  tbe  last  Congress 
the  Armory  building,  assigned  to  the  oaes  of  the  Museum  in  1876,  and 
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for  several  years  past  occupied  in  part  by  the  U.  S.  Fish  CommiasioD, 
88  a  fiah- hatching  Btadon,  was  assi^cd  to  this  Commisaion  for  head- 
qnarters.  It  has  been  refitted  as  au  office  bailding,  and  is  now  almost 
entirely  relinquiahed  by  the  Mnseum,  four  apartments  on  the  third  floor 
being  retained  for  the  nse  of  a  part  of  the  Moseom  tazidermistB. 

From  the  inadequate  eiposition  of  onr  needs  just  made,  it  will  be 
apparent  that  an  eitensive  additional  bnilding  is  needed,  if  only  for 
storage,  and  where  parpoaes  of  immediate  exhibition  are  not  in  qaes- 
tion. 

Irrespective  of  the  construction  of  this  proposed  building,  however, 
1  beg  to  urge  the  necessity  of  improving  the  lighting  of  the  second  floor 
of  the  main  hall  of  the  Smithaooian  building,  and  more  particolaily  the 
indispensability  of  fire-proofing  the  west  wing,  which  I  have  ^ready 
urged  upon  the  attention  of  the  Begenta,  and  concerning  the  latter  of 
which,  one  of  their  namber,  Senator  Morrill,  introduced  a  bill  in  the 
Senate  on  Jane  12, 1888,  which  is  referred  to  in  my  last  report,  and  on 
which  no  further  action  haa  been  taken  by  Congress. 

In  regard  to  erections  of  minor  importance,  it  may  be  mentioned  that 
it  is  intended  to  put  np  a  small  wooden  building  of  one  story,  of  a  tem- 
porary character,  immediately  south  of  the  main  bailding,  as  a  cover 
for  the  instrnments,  which  at  the  same  time  will  render  it  possible  to 
make  certain  observations  pending  the  bailding  of  the  proposed  physi- 
cal observatory,  and  this  is  more  particolarly  alluded  to  ooder  the  fol- 
lowing head  of  Besearch. 

BESEAKCH. 

In  my  last  report  I  spoke  of  the  preparations  made  by  the  late  Seoe- 
taiy  for  securing  an  aatro-physical  observatory  and  laboratory  of  re- 
seanrh,  and  I  mentioned  that  through  his  action  some  friends  of  the 
Institution  had  already  offered  to  give  the  means  for  the  erection  of 
Uie  simple  stmcture  needed  for  the  accommodatioo  of  such  a  special  ob- 
servatory. I  added  that  the  site  wonld  necessarily  be  saborban  on  ae> 
oonnt  of  the  special  need  of  seclusion  and  the  abeence  of  tremor  in  the 
soil. 

I  have  elsewhere  referred  to  the  collections  of  the  Institation  in  con- 
nection with  the  purchase  by  Congress  of  a  zoological  park,  which  it 
would  appear  to  have  been  the  first  intent  of  Congress  to  place  under 
the  care  of  the  Begents.  It  had  been  my  hope  in  that  case  to  place  this 
observatory  somewhere  in  the  park,  but  in  view  of  the  long  delay  which 
has  already  arisen,  and  of  the  indefinite  further  delay  which  may  occnr, 
I  have  thought  it  better  to  put  a  wooden  strnctnre  of  the  simplest  and 
most  temporary  character  in  grounds  immediately  south  of  the  Instita- 
tion, although  this  site  is  quite  onsuitable  for  a  permanent  bailding. 
Soeh  a  shelter  will  probably  be  erected  before  the  coming  winter,  and 
vill,  while  serving  as  a  atore-boose  for  the  appuatns,  enable  obeerva- 
tJonsto  be  commenced. 


n,g,t,7i.-JM,COO<^IC 


8  BEPOBT  OF  TH£  SECBETAST, 

The  prorootioD  of  original  research  has  always  in  ibe  faistorr  fit  the 
InstitntioD  been  regarded  as  one  of  Its  moet  iu^Mttaat  fanotioiiB,  and 
the  jHoper  object  of  the  personal  attention  of  the  Beoretary ;  tai  I  shall 
be  very  glad  to  do  something  in  this  direction  on  the  moat  modest  stole, 
rather  than  iaonr  the  chance  of  indefinite  farther  d^y. 

In  this  connection  I  desire  to  say  that  a  valaable  oollectiosof  imeDtl; 
constracted  apparatos,  most  of  it  exactly  suited  to  the  wants  of  the 
proposed  laboratory,  and  which  was  the  property  of  tlie  late  Wilbui 
Thaw,  of  Fittsbargh,  has  been,  by  his  wish  and  the  consent  of  hia  ex- 
eeotoTS,  loaned  to  the  Institution  for  ase  in  this  direction. 

Comparatively  few  of  tbecollectionsof  the  InstitDtion  or  of  the  HasetuQ 
have  reference  to  the  physical  sciences.  Theapparattis  collected  by  Pro- 
fessor Heniy,  togetiier  with  some  few  archaic  instniments  ill^rtmtiDg 
the  early  history  of  methods  of  precision  which  I  have  added,  are  no* 
being  placed  in  the  south  hall  of  the  main  building,  and  it  will  gratify 
me  to  see  this  lead  to  aocesaions  in  illnstration  of  the  history  of  leBeanh 
in  all  branches  of  sdenee. 

EXPLOBA.TIOHS. 

The  Smithsonian  Institntlou  has  during  the  year  eryoycd  the  valu- 
able assistance  of  several  persons  who  have  expressed  their  willing- 
ness to  prosecute  special  researches  in  \ta  behalf,  or  have  generoosl; 
offered  to  allow  the  Maseum  to  shiire  in  their  results. 

In  embracing  these  opportunities  it  has  been  the  policy  of  the  Insti- 
tution to  endeavor  to  obtatu  information  and,  when  possible,  to  secure 
specimens,  in  regard  to  subjects  in  which  the  Museum  collections 
were  most  deficient,  and  thus  to  fill  some  of  the  most  important  gaps 
in  special  collections  rather  than  to  obtain  large  ooUections  of  miscel- 
laneous material. 

Hr.  Talcott  Williams,  of  Philadelphia,  visited  the  northMi]  part  of 
Africa  early  in  the  present  year,  and,  before  going,  kindly  offered  to  make 
special  inquiries  in  regard  to  the  civiliEation  of  the  modem  Arabs  and 
tbe  natural  history  of  the  region,  and  to  collect,  if  possiUe,  Ungnisdc 
spivimeDS.  It  was  bis  iuteution  to  journey  direct  to  Tangiers,  thence 
to  Fez  and  Uequinez,  continning,  if  time  permitted,  as  far  as  Hogador 
and  Morocco.  Hr.  Williams  is  familiar  with  the  Arabic  language, 
which  will  greatly  facilitate  his  investigations  iu  that  country.  ^Hie  re- 
gion has  rarely  been  visited  by  naturalists,  and  the  Smithsonian  Insti- 
tution will  no  doubt  obtain  very  important  information,  and  probably 
also  some  valuable  collections.  Ihe  special  studies  to  wbioh  Mr.  Will- 
iams intends  to  devote  himself  are  botany,  geology,  and  archieology. 
At  the  time  of  his  arrival  the  Xorth  African  fiora  was  in  fiower,  so  ttot 
his  opportunities  in  the  first  direction  were  excellent.  The  geolc^ 
of  Northern  Africa  is  poorly  represented  in  the  National  Mnsonm,  and 
characteristic  rocks  and  photographs  of  feature  of  physieal  geo1(^ 
will  be  very  acceptable.    The  subject  of  most  importsnc^  t^  the  Smith- 
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sonlsn  iDstitatioD,  howew,  is  the  arebfeology  of  this  region,  and  it  is 
to  this  that  Mr.  Williams  baa  been  requested  to  chiefly  diiect  bis  att«i- 
tioB.  It  is  his  iotention  to  visit  El  Katd,  one  of  tbe  most  strikiDg 
mffiioltthio  remuBS  in  Noctbem  Afiriea,  uid  otber  ruins  oC  eqoal  inter- 
est Pbotogr^bs  and  measarements  will  be  obtained,  for  vhieh  pur- 
pose a  pbotographie  oatfit  has  been  fnrDished  to  Hr.  Williams,  who  is 
dwroDgbly  competent  to  eondacl  inveetigatioas  of  this  kind.  Tlie 
SDdtiisonian  Institution  bas  also  provided  an  outfit  of  iDStmraeots  for 
taking  obeervatioos  of  temperatares  and  altitQdea,  and  be  has  been 
requested  to  obtain  mosical  iustmments  of  all  kinds,  as  for  as  tbe  lioi- 
ited  sum  <tf  money  placed  at  bis  disposal  from  the  Mnseam  fond  will 
eoable  faim  topnrcbase  tbem. 

News  baa  already  been  received  of  Mr.  Williams's  arrival  in  Afneak. 
He  has  secnred  acompleteserieaof  masical  instramenta,  &mn  the  mdeat 
Thiatle  to  stringed  instrnmeDtB  of  skiUfol  maoafoctore.  In  each  in- 
stance the  native  names  ud  names  of  tbe  parts  have  been  ascertained, 
tbe  {Koper  pitch  of  each  string  taken,  and  a  native  melody,  aa  played 
OD  each  kind  of  instnitneat,  has  been  noted  in  oor  mnsieal  notation. 
He  lias  also  sneceeded  in  obtaining  a  variul  collection  of  oltiects  illns- 
tnting  the  domestiG  life  of  liie  people. 

Mr.  W.  W.  Bookhill,  of  the  German  legation  of  Fekio,  has  for  sevenl 
years  made  himaelf  fomiliar  with  the  costomsof  the  natives  of  Thibet, 
and  having  recently  nndertaken  a  journey  throogh  that  oonntry,  will 
make  a  special  stndy  of  the  etbn<riogy  of  the  region.  He  has  been 
supplied  by  tite  institntion  with  a  barometer  and  other  instmmeats 
desired  by  him  for  his  joomey.  His  previous  inveatigationH  have  re- 
ralted  in  an  axoeediogty  valuable  collection  of  objects  illustrating  the 
TeligionB  practices,  oocapationa,  and  amusements  of  various  peoplee  io 
different  parts  of  China,  Thibet,  Turkestan. 

Or.  James  Grant  Bey,  who  some  years  ago  established  a  sanitariam 
is  Oaiio,  figypt)  and  attended  the  International  Medical  Congress  held 
ia  Waddngton  in  1S87,  became  much  interested  io  tbe  wotk.  of  the 
.National  Moseam,  and  has  since  his  retom  to  Egypt  devoted  his  leisure 
time  to  special  studies  ot  tbe  arts  of  tbe  anci^it  Eg>'ptians.  Several 
valuable  ooUectious  have  aiready  been  received  from  him. 

Boring  the  summer,  the  Bureau  of  Ethnology  decided  to  send  Mr. 
Jeremiah  Cortin  to  Hoopa  Beservation  in  California  for  tbe  porpoae  of 
■tudyJDg  the  languages  and  mythology  of  the  tribes  of  Indians  inhabit- 
ing the  reservation.  Tbe  Smithsonian  iDslitotioa  was  fortunately  en- 
abled to  secure  the  assistance  of  Mr.  Curtin  in  investigating  their  arts 
and  indoatries  also,  and  a  small  sum  of  money  wa«  placed  in  bis  hands 
fw  tbe  parcbase  of  objects  of  Indian  manufacture. 

Dr.  John  M.  Crawford,  C  S.  consul-general  at  St.  Petersbnrg,  has 
kiadiy  offered  to  allow  the  National  Museum  to  participate  in  tbe  reanlts 
of  bis  ethnological  researches  in  Russia  and  Finland.  Dr.  Crawford  is 
well  known  in  tbe  United  States  as  a  phil(>logi.st  and  a  student  of  Scan- 
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diuaviaa  antiqaities,  and  as  the  anthor  of  tbe  Englisb  translatiaii  «f 
the  Finish  epic  "  The  Kalevala."  His  appoiotmeut  as  uoasal-geaeral 
at  St.  Petersbarg  was  made  with  a  special  view  to  enable  bitn  to 
carry  od  his  stndies  of  the  traditioos  and  antiquities  of  the  Finish  race 
and  related  peoples.  He  has  offered  to  makecolloctioua  for  the  National 
Moseam,  and  iu  order  to  facilitate  his  work,  the  Smithsonian  Instita- 
tion  has  provided  biin  with  letters  oF  introduction  to  several  of  its  cor- 
restwudents  iu  tinssia  and  Finland.  These  will  no  doubt  be  of  great 
service  to  him  iu  enabling  him  to  carry  oat  the  object  which  be  desires 
to  farther. 

Rev.  Frederick  fi.  Post,  an  Episcopal  clergyman  of  Salem,  Oregon, 
has  recently  undertaken  missionary  work  iu  Alaska,  and  has  taken  up 
his  residence  at  Anvik,  on  the  Tukon  Kiver.  He  has  entered  iuto  cor- 
respondence with  the  Smitheouian  Institution,  and  has  offered  to  col- 
lect information  relatiug  to  the  tribes  of  the  Upper  Yukon.  He  has 
also  proposed  to  make  meteorological  observations  at  Anvik.  This 
offer  haa  been  referred  to  the  Signal  Office.  It  is  probable  that  an  out- 
fit of  alcohol,  gnus,  aud  ammnuition  will  be  sent  to  Mr.  Post  next  year 
to  enable  htm  to  collect  the  mammals  and  birds  of  that  region. 

Lieut.  J.  F,  Moser,  commanding  the  U.  S.  Coast  Survey  steamer 
Backe  has  continued  his  explorations  for  the  Masenm,  and  has  trans- 
mitted a  collection  of  fishes,  mollusks,  insects,  and  marine  invertebrates 
from  the  vicinity  of  Cape  Sable,  Florida. 

Prof.  O.  P.  Jenkins,  of  De  Pauw  University,  Indiana,  has  made 
arrangements  to  visit  the  Hawaiian  Islands  for  the  purpose  of  col- 
lecting fishes,  and  has  expressed  his  intention  of  presenting  a  dupUcate 
series  of  specimens  to  the  Kational  Museum.  The  Smitheoniau  Institu- 
tion has  8upplie<l  him  with  seines  and  has  furnished  him  with  a  letter 
of  introduction  to  thecurator  of  the  national  museum  iu  Honolulu. 

Ensign  W.  L.  Howard,  U.  S.  Navy,  has  kindly  offered  to  collect 
zoological  and  ethnological  material  in  Alaska,  and  haf>  been  sapplied 
with  collecting  apparatus  and  supplies  for  use  in  trading  with  the  In- 
dians. 

A  large  outfit  of  tanks,  bottles,  and  alcohol  was  sapplied  to  Mr,  W. 
A.  Stearns,  of  Camhridget>ort,  Mass.,  for  use  in  collecting  specimens  of 
natural  history  in  northern  Labrador.  No  collections  have  yet  been 
received  from  him. 

PUBLICATIONS. 

Under  an  arrangement  made  by  the  late  Secretary,  Prof.  E.  D.  Oope 
was  engaged  at  the  time  of  my  last  rei>ort  in  completing  and  preparing 
for  i>ublication  an  investigation  upon  the  Beptilia  and  BaCrachia  of 
North  America,  which  has  been  in  progress,  under  the  direction  of  the 
Smithsonian  Institution,  for  more  than  twenty  years.  The  monograph 
on  the  Batrachia,  mentioned  in  my  last  report  as  having  been  received, 
is  now  in  type,  though  not  yet  published,  buttbatou  the  Beptilia  is  still 
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delayed.  I  bare  positive  assnraDM  from  Profdssor  Cope  that  it  will  be 
completed  within  the  preseat  year,  bat  tbe  expeose  eotailed  in  thepab- 
llcation  has  coatiDaed  to  prove  for  greater  than  the  late  Secretary  bail 
anticipated,  aad  I  am  aorry  that  the  ezpectatioo  of  its  completion  dor- 
itig  tbe  past  year  has  not  beeu  fnlAlled. 

1  bave  referred  in  my  last  report  to  the  demand  for  greater  economy 
ia  poblicatioo,  and  to  tbe  probal)ility  that  some  change  wonld  be  re- 
qniBite  in  the  form  of  the  annnal  reports.  It  will  be  rememl>ered  that 
the  Smithsonian  Institation  bas  tbree  classes  of  pnblicatioDB: 

The  ContribatioDB  to  Knowledge. 

The  Miscellaneons  CoUectioos. 

The  Annnal  Reports. 

A  brief  review  of  tbe  past  and  present  condition  of  each  of  these 
poblicatioDS  may  here  be  made,  with  special  reference  to  the  latter. 
For  details  coneemiug  these  different  classes,  and  for  the  matter 
tetoAllj  presented  ouder  each,  reference  may  be  made  to  the  appendix. 

Smith^ian  Contributiotit  to  Knowledge. — The  first  work  of  original  re- 
Karebpnblisbed  by  tbeluBtitutionwasthe  well-known  treatise  by  Messrs. 
Sqaier  and  Davis,  in  1S18,  on  Ancient  Mounmeots  of  tbe  Mississippi 
Valley,  This  was  the  oommenoement  of  the  qnarto  series  entitled 
"  Smitbaonian  Contribotions  to  Knowledge,"  which  now  nnmbers 
tweDty-flve  volnmes.  This  series  is  designed  to  record  the  resnlts  of 
origioal  research,  offering  positive  additions  to  haman  knowledge,  either 
DDdertaken  by  agents  of  the  Institution  or  encooraged  by  its  assistance. 
In  general  character  these  contribotions  correspond  somewhat  with 
Uie  more  elaborate  transactions  of  learned  societies.  From  caases 
biiefly  adverted  to  in  my  last  report,  original  memoirs  deemed  worthy 
orftpkce  in  this  series  have  been  much  rarer  in  later  years  than  in  the 
wlier  portion  of  the  Institution's  history.    - 

iSnitWtiwm  SiiBcdlaneout  Collections.— In  1862,  a  second  series  of  pnb- 
lieationa  was  commenced  by  the  Institntion,  in  octavo  form,  with  tbe 
Meteorological  and  Physical  Tables  of  Professor  Goyot,  under  tbe  title 
of  "Smithsonian  MiBcelluneouB  Collections."  This  series  embraces 
paperBor  treatises  of  a  more  practical  character  than  those  of  tbe  Con. 
tribations,  including  r6sam^  of  existing  knowledge  in  special  depart- 
ments, systematic  lists  or  classifications  of  species  in  the  animal, 
boUoical,  or  mineral  kingdoms  of  natare,  tabular  collections  of  natural 
constants,  scientific  bibliographies,  and  other  snmmaries,  of  value  to 
tbe  students  of  physical  or  biological  science.  These  collections  now 
nnmber  thirty -tbree  volumes. 

Among  the  subjects  heretofore  included  in  this  series  have  been  tbe 
proceedings  or  transactions  of  several  scientific  societies  of  Wasfaington 
(the  PhiloHophicat,  the  Anthropological,  and  the  Biological),  which  were 
organized  under  tbe  auspices  of  officers  of  the  Sniithsontan  Institntion. 
Toptomote  their  nsefnlness  the  stereotyping  of  their  several  paMfsffed. 
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jonrnals  vaa  andertaken  by  the  Tostitation  and  a  large  extension  of  tbeir  i 
diatribntioD  was  tbns  effected  by  iaclndiog  their  re-issne  in  the  HiaceQa- 
neons  OoUeoHonB,  of  which  series  they  constitute  three  volamee.  These 
sodetjes  having  now  sererally  attained  a  highly  saocessfal  and  s^-snp- 
porting  condition  of  active  membership,  it  has  been  ttioogfat  that  tiris 
form  of  patronage  might  well  be  withdrawn  withoat  detriment  to  the 
welfiire  of  the  societies  and  with  advantage  to  the  Inatitation.  l^ese 
pabllcadoDB  are  accordingly  no  longer  stereotyped  by  the  Inatitation,  or 
inclnded  in  ita  issues. 

The  Balletioa  and  Proceedings  of  the  U.  S.  National  Mosenm,  pub- 
lished by  an  appropriation  of  Congress,  have  also  been  heretofore  re- 
printed by  the  Institution  acdthis  supplementary  edition  haa  oocopied 
five  volamee  of  the  Misoellaneoas  Collections.  It  has  been  decided  in 
like  mwiner  to  hereafter  omit  these  publications  from  t^e  series. 

Smithtoniim  Annual  Beporis.—'A  provision  of  the  act  ofOengreBS  or- 
ganizing the  Smithsonian  Institution  (Revised  Statutes,  Title  73,  Sec. 
5693)  requires  that  *'  the  Board  shall  anbmit  to  Congress  at  each  ses- 
aion  thereof  a  report  of  the  operations,  expenditures,  and  comlltHm  of 
the  Institutioo."  These  annual  reports  have  been  accompanied  -vritb  a 
"  general  appendix,"  giving  summaries  of  lectures,  interesting  extracts 
from  the  con-espondence,  and  acooaots  of  the  results  of  explorations 
andertaken  by  the  Institution  or  aided  and  promoted  by  it>  as  well  as 
of  new  discoveries  in  acieuoe.  In  the  annual  report  for  1880  and  the 
following  years  my  lamented  predecessor  undertook  to  give  a  more 
systematic  character  to  the  history  of  discoveries,  by  engaging  a  nnm- 
berof  able  oollabonitorsiu  various  fields  of  knowledge,  to  furnish  a  gen- 
eral summary  or  record  of  ecientiflo  progress  for  the  year.  Appropri- 
ate as  the  scheme  appears,  it  has  not  been  fonod  to  work  as  satisfacto- 
rily as  is  desirable,  and  as  had  been  hoped  for.  It  has  seldom  been 
possible  to  collect  as  complete  summaries  as  were  originally  contem- 
plated ;  and  the  delay  of  publication  deprives  the  record  of  much  of  tbe 
freshoeaa  and  interest  it  would  otherwise  possesB,  while io  all  these  tbe 
rapid  increase  of  scientific  literature  demanded  such  a  corresponding 
increase  in  the  corps  of  reporters  and  such  a  corrolatively  increasing 
expenditure  as  the  fixed  Smithsonian  fund  was  growing  quite  anaMe 
to  afford.  It  will  be  remembered  that  of  this  appendix  there  are  dis- 
tributed throngb  members  of  Congress  as  many  as  9,000  copies,  form- 
ing the  larger  part  of  the  whole  edition,  and  that  it  is  thus  inonmheot 
on  us  to  observe  that  it  reaches  a  large  dnss  of  readers  unable  to  follow 
the  work  of  specialists  in  original  memoirs. 

After  serious  consideration  it  has  been  finally  determined  to  restrict, 
if  not  forego,  the  scheme  of  a  general  annual  survey  of  scieotlfie  litera- 
ture and  progress,  an<l  to  recur  iu  large  part  to  the  system  of  Henry 
of  selecting  memoim  of  a  special  interuNt  ami  permanent  value,  which 
have  alreatly  appeared  elsewhere  and  which  are  sufficiently  nutefdiniaal 
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to  be  readily  appreheuded  by  readers  fairly  reprcseutative  of  the  intel- 
ligeot  and  educated  class  among  ttie  coDstitneDts  of  tbe  members  of 
GoDgress,  by  wbom  tbey  are  chiefly  distributed. 

If,  as  I  bare  already  snggested,  Congress  sees  fit  to  make  a  small 
appropriation  for  the  editing  as  well  as  the  pabllcation  of  this  appen- 
<iii,  so  as  to  enable  it  to  include,  for  instance,  information  relative  to 
tbe  progress  of  sctentiflc  discovery  and  its  oseful  application  in  tJie 
United  States,  such  a  record  would  be  in  keeping  with  the  objects  of 
tbis  Institution,  and  would  maintain  for  this  report  tlie  popolarity  and 
the  edncational  character  just  referred  to,  while  promoting  industrial 
iutcrests  in  the  country. 

la  this  connection  I  beg  to  repeat  the  remark  that  it  would  be  de- 
Eirable  U>  have  tbe  supplementary  matter  of  the  report  placed  under  a 
special  clause  for  the  avoidanoe  of  all  question  as  to  the  "  necessity 
and  entire  relation  to  the  pablic  business  "  of  suck  information,  a  qnes- 
tioD  vbicb  has  arisen  by  tbe  constructiou  given  by  tbe  Public  Printer 
to  tbe  act  of  Congress  of  Angust  1,  1886. 

PMieationa  of  the  Ifational  Museum. — These  publications  (already 
rererredto  as  being  issued  by  Government  appropriations)  comprise 
t»o  series:  First,  the  "Proceedings  of  the  National  Museam,"  consist- 
iiiC  of  abort  essays  giving  early  accounts  of  recent  accessions,  or  uewly 
siuxrtained  isvAs  in  natural  history,  and  promptly  issued  to  secure  the 
earliest  diffusion  of  the  information,  of  which  series  ten  annual  volumes 
bavenow  been  issued;  and  secondly,  the  "Bulletins  of  the  Xational 
Unseiini,"  consisting  of  more  elaborate  memoirs  relative  to  the  collec- 
tions, such  as  biologicRl  monographs,  taxonomic  lists,  etc,  of  which 
series  thirty-six  nambers  have  been  issned.  These  bulletins  vary 
grestiy  iu  sise  from  pamphlets  of  fifty  pages  to  works  of  many  hun- 
ilred  pages, 

PkWoa^wm  itf  the  Bureau  of  Ethnology,— Th^-^tixmAptA.  publication  of 
ttusBaieau  is  tlie  "Annual  Beport."  Tbis  seriee  consists  of  lai^e  royal 
oetavo  volnmes,  detailing  researches  relative  to  the  aborigines  of  yorth 
America,  handsomely  printed  and  illostrated  with  numerons  cats  Mtd 
lithographic  plates.  The  flftfa  Annual  Report  has  been  issned  dnring 
tbe  yev,  and  tbe  aeries  may  be  referred  to,  as  at  the  same  time  credita- 
ble to  the  <TOvernmeut  and  as  fitted  to  engage  public  attention  by  mat 
terttf  an  interest  beyond  what  is  ordinarily  foand  in  any  Government 
doGoment 

Hutr^naion  of  Smithsonian  PvbUcatiotu, — It  is  manifestly  impossible 
tor  the  Institntiou,  with  its  flxed  and  limited  income,  to  keep  pace  iu  its 
is«Qea  and  tbeir  distribution  with  the  increase  of  popular  interest  in 
Kientific  productions.  The  ordinary  edition  of  l,dOO  copies  of  each  of 
tbe  Stnithsoniaa  pubUcatious  which  has  been  produced  irom  tbe  be- 
gitiniDg,  cannot  be  enlarged  without  seriously  impairing  the  ^eienoyr 
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of  the  food  for  other  services;  althoDgbitwonld  be  a  great  satisfoetioB 
to  be  able  to  sapply  more  liberally  the  growing  demand  for  tbe  worlu 
as  pnbliehed.  The  impracticability,  however,  of  farnishiog  these  to  all 
interested  in  scieotiflc  paranits,  has  reqoired  the  adoption  of  more  for- 
mal regalatious  to  secure  tbe  most  judicious  application  of  the  available 
stock  of  pablicatioQB.  These  are  presented,  first,  to  those  learned  sode* 
ties  of  the  first  class  which  giretotheiDstitotioD  in  retnm  complete  sets 
of  their  own  pabiications ;  secondly,  to  colleges  of  the  first  class  fiirnish- 
ing  catalognes  of  their  libraries  and  students,  and  publications  relative 
to  their  organization  and  faiHtorj ;  thirdly,  to  public  libraries  in  this 
coantry  having  25,000  volumes ;  fonrtbly,  in  some  cases  to  still  smaller 
libraries,  especially  if  no  other  copies  of  tbe  Smithsonian  pabiications 
are  given  in  tbe  same  place  and  a  large  district  woald  be  otlierwise  nn- 
supplied;  lastly,  to  institutions  devoted  esclusively  to  tbe  promotiou 
of  particular  branches  of  kuowledge,  such  of  its  pabiications  are  given 
as  relate  to  their  special  objects.  These  rnles  apply  chiefly  to  distri- 
bation  in  the  United  States.  Tbe  number  sent  to  foreign  countries, 
under  somewhat  difierent  conditions,  is  about  the  sam6  as  that  distrib- 
nt«d  in  this  country. 

A  small  number  of  copies  not  otherwise  disposed  of  has  been  osaally 
reserved  for  sale;  although  such  returns  have  of  course  contribated 
but  little  toward  the  cost  ot  production.  As  an  experiment  (which  had 
been  tried  in  tbe  eariy  history  of  the  institution),  I  have  placed  a  small 
edition  of  one  of  our  works  in  the  hands  of  a  large  publishing  house, 
the  well-known  firm  of  MacMillan  &  Co.,  of  London  and  New  York. 
The  work  selected  for  this  purpose  is  the  newly  revised  "tables  of 
specific  gravity  for  solids  and  liquids,"  by  Prof.  F.  W.  Clarke,  Chemist 
of  the  U.  8.  Geological  Survey,  This  being  a  valuable  work  of  refer- 
ence for  all  practical  chemists,  as  well  as  for  many  others,  was  thought 
to  be  a  very  suitable  subject  for  trial  as  to  itscommercial  snccess.  An 
edition  of  1,000  copies  having  been  reserved  for  the  regular  gratuitoas 
distribution,  500  copies  were  prepared  with  the  imprint  of  Messrs. 
MacMillan  &  Co.  on  the  title  page,  to  be  disposed  of  as  one  of  their 
own  publications,  and  by  their  regular  business  methods. 

Facilities  afforded  to  others. — A  few  instances  of  assistance  in  the 
direction  of  printing,  etc.,  granted  iu  special  cases,  may  here  bo  meo- 
tioned.  The  widow  of  Dr.  Asa  Gray  having  about  SO  imperfect  copies 
on  hand  of  her  husband's  "  Flora  of  Norlh  America,"  desired,  iu  order 
to  complete  her  sets  and  render  them  available  for  sale,  a  correspond- 
ing number  of  copies  of  the  first  part  of  tbe  second  volume.  The  re- 
quest was  cheerfully  complied  with,  and  Messrs.  Wilson  &  Sod,  of 
Cambridge,  Mass.,  were  authorizes!  by  the  Regents  to  print  the  desired 
small  edition  at  the  expense  of  the  Institution. 

Prof.  M.  W.  Harrington,  of  Anu  Arbor,  Mich.,  made  application  for 
the  use  of  the  stereotype  plates  of  Profewor  Henry's  meteorological 
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essays  (inclnded  id  bis  pabliBbed  scieutiflc  writiogs),  vith  a  view  to  the 
pablicfttion  of  a  cheap  popular  edition  of  this  treatiae.  Iq  the  belief 
that  SQch  a  reptiblication  would  be  in  the  interesta  of  Bcience  and  iti) 
wider  diffosiou,  permission  to  use  the  plates  was  readily  granted. 

A  similar  request  was  made  by  Dr.  George  H.  Horn,  of  Philadelphia, 
«bo,aBJoiDtaothor  with  tbelat«  Dr.  John  L.  LeGoate  of  a  work  of  600 
pages  Qu  the  '-  Classification  of  the  Goleoptera  of  North  America"  (pub- 
lished by  the  Institntioa  in  1883,  and  now  out  of  print),  desired  the  nt;e 
of  the  stereotype  plates,  &om  which  to  print  an  edition  of  the  book. 
This  reqaest  was  also  favorably  entertained,  and  the  privilege  songht 
TAB  conceded. 

The  Eighth  International  Congress  of  Orientatista,  appointed  to  be 
held  at  Stockholm  and  at  Christtania,  in  September,  1889,  solicited 
tbroflgh  its  officers  the  co-operation  of  the  Smithsonian  Institntion.  In 
I'nrtfaeranoe  of  its  laudable  aims  the  Institution  undertook  to  print  and 
distribate  in  this  conntry  1,000  copies  of  its  circular  of  aonoanoement 
■Dd  information. 

Id  compliance  with  the  request  of  Mr.  Sylvester  Baxter,  secretary  of 
tlie  Hemenway  Expedition  of  exploration,  the  privilege  of  the  Smith- 
UDian  exchange  system  was  granted  for  the  distribution  of  the  report 
of  the  expedition,  giving  an  account  of  its  researches  in  the  Southwest. 

These  varioas  allowances  are  believed  to  be  in  the  spirit  of  the  Smith- 
sonian foundation,  and  of  ita  ancient  maxim — "Co-operation,  rather  than 
rivalry  or  monopoly." 

8U>rage  of  the  Smithsonian  Stereotype  Plate*.— The  stereotype  plates  of 
the  Smithsonian  publications  now  constitute  a  very  large  collection, 
aod  as  the  printing  of  the  works  had  been  done  in  various  cities,  as 
appeared  most  economical  or  convenient,  a  considerable  portion  of  this 
material  had  been  stored  in  Boston,  and  especially  in  Philadelphia. 
As  the  fire-proof  renovation  of  the  eastern  portion  of  the  Smithsonian 
building  famished  a  safe  and  suitable  depository  in  the  basement  rooms, 
these  plates  have  now  all  been  collected  within  its  store-rooms. 

THE  SHITHSOHIAH  BXCEAJtOB  SYSTEM. 

The  international  exchange  system  was  established  early  in  the 
history  of  the  Institution,  at  first  purely  as  a  channel  tor  the  interchange 
ofscieutiflcpablications  and  specimens,  and  therefore  as  a  direct  means 
(oi "  the  diffusion  of  knowledge,"  a  means  which  has  proved  to  be  a 
great  benefit  to  the  scientific  institutions  of  the  world,  and  incidentally 
to  Congress  in  bnildiag  op  the  unequalled  colleclion  of  works  of  refer- 
ence depouted  in  its  Library. 

Of  late  years,  however,  the  Government,  having  assumed  the  charge 
of  tfais  system,  has  made  the  Institution  its  agent  not  only  for  this 
Bcientiflc  distribution  but  for  the  much  larger  distribution  of  the  publi- 
cations of  the  United  States  Government  abroad,  and  also  for  the  re- 
*^pt  and  transmission  to  the  Library  of  Congress  of  the  publications 
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of  otiier  ooaotries  seut  in  retnrn.  la  tbU  twofold  service  it  is  now  per- 
formiog  an  important  pnlilic  daty,  for  whicli  sach  inadequate  provifiioii 
is  made,  tUat  io  spite  of  the  efforts  for  an  economieal  and  efficient  ad- 
ministration of  this  depaitnieut  the  best  interests  of  tbe  Government 
as  veil  as  tbose  of  the  lustitation  are  serioasly  suffering. 

Id  reviewing  the  past  year  it  is  oeoessary  to  mention  first  of  all  the 
seriona  loss  in  the  death  of  Dr.  Jerome  H.  Kidder,  which  however  has 
been  more  fully  referred  to  elsewhere.  At  the  date  of  his  deatJi,  which 
occarred  on  the  6th  of  April,  1889,  owing  to  the  efficient  condition  of 
the  division  doe  to  the  hoarty  oo-operation  of  all  in  it  with  the  labon 
of  ita  lamented  chief,  the  office  was  free  from  any  parcels  wbatev^,  and 
was  ready  to  close  its  book  accounts  completely  for  tlie  first  time. 

I  regret  to  record,  also,  the  death  on  June  IT,  18Si>,of  Hr.  CktorgeHill- 
ier, superint^ideDt of  tJio  Kow  York  Cnstom- House.  Mr.  HiUier  hadfw 
more  than  thirty  years  attended  to  the  transmission  of  Smithsonian  ex- 
change packages,  rendering  the  Institution  most  valuable  and  effioieiit 
service  without  compensation.  In  response  to  a  request  maile  to  the 
Secretary  of  the  Treasury,  Mr.  Quackeubush,  chief  entry  cterk  of  Ma 
Kew  York  Cnstom-IIouse,  has  been  designated  to  receive  and  tramuit 
oases  addressed  to  the  Smithsonian  Institution  in  fotare. 

Dr.  Kidder  was  succeeded  as  curator  of  exchanges  by  Mr.  William  C. 
Winlock,  wbo  was  appointed  May  15, 1889.  The  ourator'a  report  to  tlte 
Secretary,  containing  the  usual  statistics  for  the  flsoal  year,  will  be  foand 
in  tbd  appendix. 

In  order  to  convey  an  idea  of  the  present  magnitude  and  charatder  of 
tbe  exchange  transactions  it  may  be  stated  that  during  tbe  year,  17,218 
packages  were  mailed  to  corre^ondents  in  tbe  United  States  and  C93 
boxes,  containing  58,035  packages,  were  sbipi>ed  to  our  agents  abroad 
for  distribution  to  correspondents  in  nearly  every  civilized  nation  of  tlie 
earth.  The  total  number  of  packages  received  was  75,966,  of  which 
34,996,  or  nearly  one-half,  wore  governmental  exchanges.*  Theserricoe 
of  eleveuf  clerks  and  packers  have  been  reqnired  in  handling  and  account- 
iug  for  this  material  and  in  conducting  tbe  extensive  correspondence 
that  such  a  business  iu\'oIve8.  The  societies  and  individuals  upon  the 
exchange  list  now  number  13,130. 

The  entire  expense  of  "  international  exchanges  "  for  the  fiscal  jeta 
was  $17,152,104  Of  this  sum  $15,000  were  appropriated  directly  by 
Congress,  $1,363.54  were  repaid  by  several  of  the  Government  Depart- 

*It  shonld  bo  noted  that  almoat  from  the  very  bogiuniiig  of  tbe  exobauge  syttem 
tlie  iinblioBticuB  or  several  of  tbesoientiQo  bureaus  of  tbe  QovoTDiuent  wete  toIibl- 
tatily  ttatiemttted  by  tbe  FiiDitbsonian  iDStilutioQ  ;  but  it  nas  not  offleiall;  deaig- 
natod  for  the  service  till  1873. 

t  It  is  not  snpcrtliions  to  repeat  that  tbeso  nto  engaged  in  aildilion  to  the  proper 
pemonne)  of  the  loBtitiitioD,  tbe  services  of  nboso  offlcors  are  given  witfaont  charRp 

t  The  items  99,339.99,  under  the  bead  of  eipendltnres  for  exobangei,  and  ^IBSXe 
repayments,  in  the  report  of  the  executive  committee,  inolnde  roeeipts  and  ei 
tores  made  mi  account  of  the  preceding  fiscal  year.  {'  ,^,^,^],-> 
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menta  to  vbioh  appropriations  had  beeu  grautedforpayineiit  of  freight 
OD  pablicafciooa  sent  abroad  through  the  iDHtitatinn,  leaving  a  deficit 
of  $78H^,  which  was  paid  from  the  Smithsonian  fund. 

With  refereoce  to  this  deficiency  let  me  observe  that  in  the  history  of 
the  Goveniment's  connection  with  the  exchanges  three  periods  may  be 
diBtJDgaished.  The  first  was  in  1867  and  1868,  when,  aft^r  twenty  years 
of  nsefal  work  in  the  interests  of  knowledge,  a  new  duty  was  imponed 
npou  the  service  by  acts  of  Coogrese*  which  established  for  the  benefit 
(tf  the  Congressional  Library  an  international  exchange  of  worlis  pub- 
lished by  the  Government  and  made  the  Smithsonian  InstitDtion-the 
agency  for  this  exchange.  The  second  was  in  1S78,  when  the  Institu- 
tion was  distinctly  recognized!  by  the  Department  of  State  us  the  agent 
of  the  United  States  in  the  exchange  of  all  Govemmeut  pnblicatious 
(ioclnding  exchanges  for  the  benefitof  Bureau  libraries)  and  alio  iu  the 
exchange  between  learned  sodetiee. 

The  Institution  possessed  unequalled  experience  and  facilities  for 
such  work,  and  though  t^e  new  class  of  books  brought  to  the  exchange 
department  was  partly  foreign  to  its  original  object,  the  propriety  of 
its  aasnming  snch  a  service,  if  the  Government's  interest  could  be  pro- 
moted by  this  experience,  is  evident.  It  certainly,  however,  was  not  to 
have  been  antioipated  that  the  lostitntion  should  coudncC  a  purely  ad- 
ministrative work  of  the  General  Government  ont  of  its  private  funds, 
aa  it  appears  to  have  done  for  thirteen  years,  from  18tlS  to  1881,  when 
the  first  appropriation  of  $3,000  was  made  by  Congress. 

In  the  act|  of  Uarch  3,  ISSl,  making  this  appropriation  it  appears  to 
have  been  the  intent  of  Congress  to  apply  the  amount  indifferently  to 
all  exchanges,  whether  to  those  which  it  undertakes  for  the  Library  of 
Congress,  to  those  of  Governmental  bureaus,  or  to  other  literary  and 


*Statat«8*t  Large,  vol.  U,  p.  573,  Thirtf-Diath  Congreaa,  second sesaion,  resolution 
^  8ta(ato8  at  I>arg«,  vol.  15,  pp.  S80,2G1,  Fortieth  CoDgroBS,  second  somiou,  reeolu- 
tiDiiT2. 

•  Letter  from  Hon.  Wm.  H.  Evarts,  Secretary  of  Stale,  U>  tbe  Secretary  of  tlie 
Snithioiiian  Institatioii.     Smithsouiaa  Annual  Report  for  1681,  p.  7H5. 

("Intematlonal  eichanf^es,  Bmiltuoaiuu  litatitutioo,  IH^i:  For  tlie  uxpunsu  of 
Hcbanging  literary  aud  Hcioutiflo  produclious  nith  alt  uatioos  by  tbu  Smithsonian 
InctitiitioD,  $3,000  (act  March  3,  ISei)."  This  was  chauged  iu  ISKt  to  tb.i  follow- 
ing ;  "  International  eichnugCB,  Smithaouian  lustitution,  1683 :  For  expeuHca  of  tbe 
inteinaiioual  exohanges  between  the  United  Statea  aud  foreign  couutries,  iu  ac- 
wtdauce  wit!)  tbe  Paris  convention  of  1(477,  including  salarleH  aud  compcusattou 
df  all  necessary  employ^  $5,000  (sundry  civil  act  August  7,  ISS'i),"  auil  iu  1H8G 
ie  (gain  was  changed  to  "  Intemalional  excbungea,  Smithsonian  lostitulion,  1884i : 
For  eipenses  of  the  eystem  of  iuteraatioual  exchaDKus  between  tbe  Uuited  States 
mil  fbieign  conntriea,  ander  the  direction  of  the  Suiitbsoniau  lustitution,  iuclud- 
iag  nJMies  or  compensation  of  ftll  secessary  employes,  $10,000  (sundry  civil  act 
lbnA3, 1885)." 

p.  Mis.  8JJ4 2 
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scieDtiQc  objects,  tbns  constituting  a  third  change*  in  the  relations  of 
the  Smithsoman  to  ihe  Government  in  regard  to  the  Exchange  Bureao. 

An  approximate  estimate  of  the  coat  of  the  exchange  for  the  Library 
of  Congress  from  1868  to  1878,  together  with  the  cost  of  the  "Govern- 
wental"  exchange  (the  Congressional  and  Departmental)  for  1879  and 
1880,  shows  that  abont  $20,000  were  paid  from  the  Smithsonian  faods 
for  bandling  Government  property  alone.  Regarding  the  whole  ex- 
pense of  international  exchanges  since  1881  as  a  charge  on  the  Govero- 
ment,  the  entire  amount  paid  oat  of  the  foods  of  the  iostitalion  on  m- 
connt  of  the  General  Government  is  somewhat  over  $50,000,  exclnsive 
of  office  rent  and  minor  expenses. 

In  the  report  that  I  had  the  honor  to  stibmit  to  the  Board  of  Beg»it8 
at  their  last  meeting  the  expenses  and  needs  of  the  exchange  deput' 
ment  were  dwelt  upon  at  some  length,  and  it  was  stated  that  a  revised 
estimate  of  $27,050  had  been  submitted  throagb  the  Secretary  of  the 
Treasury  for  the  purpose  of  meeting  the  expenses  of  contemplated  im- 
provements in  the  service  during  the  fiscal  year  1888-'89.  The  amount 
finally  appropriated  was  $15,000,  an  increase  of  only  $3,000  over  the 
sum  appropriiited  for  the  year  preceding.  As  I  have  already  remarked, 
in  spite  of  efforts  for  an  economical  and  efficient  administration  of  the 
department,  slow  transportation  and  free  ocean  freight,  this  was$3,- 
162.10  less  than  the  service  actually  cost,  and  the  interests  of  both  the 
Government  and  the  Institution  suffer  ftom  the  entire  inadequacy  of 
the  appropriation. 

Although  all  of  the  Government  bureaus  th  at  bave  occasion  to  trans- 
mit their  publications  throngh  the  Institution  are  not  provided  with 
funds  available  for  defraying  the  cost  of  the  service,  it  seems  to  have 
been  the  intention  of  Congress  that  its  specific  appropriation  for  the 
exchange  business  should  be  supplemented  by  special  appropriations  to 
some  of  the  bureaus  and  departments  of  the  Government,  so  that  the 
charge  of  5  cents  per  itound  weight  imposed  by  the  regents  in  1878 
might  be  met  by  tbem.  Tbe  average  amount  annually  repaid.to  the  In- 
stitution in  this  way  during  the  past  eleven  years  has  been  about  $1,400, 
and  does  uot  reprc-^ent  all  the  cost  to  the  Institution  which  has  been 
made  up  from  its  private  fund. 

It  has  been  repeatedly  niged  that  this  procedure,  for  which  snSicieiit 
reasons  existed  at  the  time  of  its  adoption,  may  now  be  discontinued  as 
no  longer  advantageous  or  economical. 

By  the  present  system  the  cost  of  the  service  is  actually  larger  than 
spi>e.irs  in  the  specific  appropriations  for  exchanges,  and  as  (be  specia 
appropriations  to  tbe  different  departments  vary  from  year  to  year,  and 
are  often  omitted  altogether,  a  burden  which  can  not  be  accurately  fore- 
seeu  continues  to  be  imposed  upon  the  Smithsonian  fund. 


'Aconvention,  at  whIcU  the UaiCed states  ivasrepreaeated,  was  concluded  at  Bros- 
sels  March  15,  I88ti,  for  cstablishiug  a  Bysleai  of  iutematiooal  oxchaagCB  of  the 
official  dociiiuept^  iindof  tlip  Hfieniiflo  nnd  littiary  pukliciitt^qf  ^fttlip^Btaleaad- 
JuiDiug  thereto.  < 
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Id  ordsr  to  effect  tbe  cbange  ooDtemplated,  that  ix,  to  collect  io  a 
UDgle  item  the  entire  appropriation  for  internataonal  exchanges  and 
at  Uie  same  time  to  make  allowance  for  a  needed  compeosatioo  to  tbe 
oceaa  steam-ship  compaoies  for  freight  and  for  like  necessary  expenses, 
teodiog  to  secsre  to  the  United  States  a  return  of  man;  times  what 
they  Dov  receive  from  foreigii  goTemments.  with  a  prompt  delivery, 
ao  estimate  of  $27,500  was  sabmitted  for  the  fiscal  year  1889--'90. 

It  shonid  be  premised  that  only  aboat  one-third  of  tbe  Government's 
publications  are  actaally  received  fiom  the  office  of  the  Public  Printer 
aDd  elsewhere  for  transmieston  abroad,  and  that  wbile  special  applica- 
tion OD  onr  part  might  call  out  the  remainder,  we  can  not  nndertake  to 
do  tbis  while  only  partly  paid  the  actual  ontlay  for  tbe  portion  we 
vany  already,  while  a  sufficient  appropriation  to  justify  tbe  employ- 
Dtent  of  a  special  exchange  agent  in  Gnrope,  as  has  been  frequently 
and  earnestly  recommended  by  tbe  Librarian  of  Coogresf^  would  bring 
back  in  return  probably  about  eight  times  what  we  now  receive.  Ac- 
cordiDgly,  in  the  subjoined  estimate  of  wbat  could  be  done  if  Con- 
grees  paid  the  actual  cost  of  efficient  service  (tbe  services  of  the  officers 
of  this  Institution  Iteing  given  without  charge),  more  packages  appear 
under  the  new  plan  than  under  tbe  old. 

Statement  of  exchanges  during  the  fiscal  year  ended  June  30, 1889,  tofiether 
with  ettimatexfor  proposed  new  departure. 

I.  Amwtmt  1^  tx(k«M9«*  tfut  airoad. 


CoDgremoDal ai,673  «,000 

DeiwrtiiicDtal 2,9£>8         30,U00 

Societ;  aod  privst« 32,364  3.1,00(1 


Tbe  receipts  from  abroad  would  then  probably  be  more  tbau  double. 
II.  Time. — Artrage  time  in  (roxtil  Io  naltm  Europe. 


lExtreoMB.'  Average. 

I    Day:  i    Das». 

Eagluid I  47  to  21  37 

(kmaj I  47  to  30  '  36 

fmno 47  to  '^4  :(6 

■ ,„,;„G 
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This  snm  of  (27,500  wkeA  tot  woald  have  beeu  divided  somevhat  as 
follows : 

SaUriea I16.6O0 

Trp.DHportAtioD  : 

From  Washington  to  B«a-bo>n] t2,-J80 

Ooean  freight .  ^ 5,0(tt 

Prom  point  ol  debarkation  to  dettlnatlou 1,750 

9,030 

Boxei 950 

Incidentale , 930 

■27,™ 

No  Jucrease,  bowever,  over  tbe  amount  appropriated  for  1887-'88 
(915,600)  waa  graated,  aud  it  is  probable  tbat  tlie  defidency  for  Ihe 
comiug  year  will  be  at  leaat  92,000. 

Becurriug  now  to  one  of  tbe  effects  of  tbe  insufficieut  appropriations 
tbe  f^riter  repeats  tbat  there  arc  too  mauy  and  too  great  delays  Id  tbe 
transit  of  packages  sent  by  international  exchanges.  These  delays  ilo 
not  occnr  iu  tbe  office  at  Washington,  nor  in  those  of  the  agents  of  Ibe 
Institation  at  London  and  Leipzig.  They  are  dae,  broadly  apeiiking,  to 
the  fact  just  stated,  that  the  Institution  has  not  tho  means  to  pay  lor 
rapid  transit  on  land  or  sea,  aud  that  for  what  it  obtains  on  tbe  latter 
it  is  dependent  upon  the  courtesy  of  several  ocean  steam-ship  com- 
panies, with  the  natural  result  tbat  tbe  free  freight  is  ofteu  delayed  to 
make  room  for  tbat  which  is  paid  for.  A  subordinate  cause,  however, 
lies  iu  tbe  apathy  or  indifference,  or  possible  insnfiScient  clerical  force, 
of  most  of  the  foreign  exchauge  bureaus. 

The  employes  of  tbe  bureau  are  paid  much  lower  salaries  than  simi- 
lar services  command  in  other  branches  of  the  public  service,  and  tbe 
Government  pays  no  rent  for  tbe  rooms  iu  which  they  labor,  in  which 
even  tbe  office  furniture  forms  a  part  of  tbe  charge  on  tbe  private  funds 
of  this  Institution. 

The  convention  between  tbe  United  States  of  America,  Belgium, 
Brazil,  Italy,  Portugal,  Serbia,  Spain,  and  Switzerland  for  the  interos- 
tional  exchange  of  official  documents  and  scientific  and  literary  publica- 
tions, as  well  as  the  convention  between  tbe  same  countries  (excepting 
Switzerland)  for  "  tbe  immediate  exchange  of  the  official  journals,  par- 
liamentary annals,  and  documents,"  was  concluded  at  Brussels  March 
16, 18S6,  ratification  advised  by  the  Senate  June  IS,  1888,  ratified  by 
the  President  July  19, 1888,  ratifications  exchanged  January  14,  1889, 
and  proclaimed  January  15, 1889,  and  since  that  date  formal  notifica- 
tion has  been  received  of  tbe  adhesion  to  both  conventions  of  tbe  Gov- 
ernment of  Uruguay.  The  full  texts  of  these  conventions  were  given 
in  the  Curator's  rei>ort  for  last  year. 

Tbe  adhesion  of  the  United  States  to  the  first  convention  involves  no 
new  departure  in  the  exchange  service  from  the  methods  of  previous 
years ;  but  for  tbe  falfillmeut  of  the  obligations  incarteft  lUT'J'h?  aecood 
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oonventloD — tbe  immediitte  exubauge  of  official  journals — ao  appropria* 
tion  of  about  $2,000  to  cover  tlie  necessary  pcstage  and  additional  eler- 
ii?al  assistance  is  required,  and  provision  shoald  be  made  for  the  prompt 
(leliver;  to  tbe  ezcliaDge  office  of  the  docnmeDts  referred  to. 

Tliis  snm  of  $2,000  was  estimated  in  reply  to  an  inquiry  made  by  the 
Secretary  of  State,  dated  February  12,  1889,  as  to  the  ability  of  tbe 
SmithsoDian  InstitaUoo  toex^ate  all  of  the  provisions  of  the  two  con- 
ventions without  farther  legislatioo  by  Congress,  aud  tbe  estimate  was 
daly  transmitted  by  the  Secretary  of  State  in  a  letter  to  the  Presideut 
of  the  Senate,  but  no  appropriation  was  made. 

As  heretofore,  the  InstJtntton  is  greatly  indebted  to  tbe  lines  of  ocean 
steamers  tMtween  tbe  United  States  and  other  conntries,  and  especial 
acknowledgment  is  due  to  the  agencies  of  the  following  companies  for 
the  contiouatioo  of  many  favors  in  tbe  free  transportation  of  interna' 
tional  exchange  packages : 

Allko  Steam-Bhip  CompaD;  (A.  Sohumitctier  &,  Co.,  ageata),  BBltimore. 

Anchor  Steftm-abip  Line  (Headerson  &.  Brother,  ogaats),  Netr  York. 

Atlas  Steam -sbip  Company  (Pim.Fornood  ACo.,agBnt«),Nev  Vork. 

Bailer,  H.  B.,  &.  Co..  New  York. 

Bixby,TboinuE.,  &Co.,  Boston,  Haaa. 

Borland.  B.  R.,  New  York. 

Bonlton.  Bliss  &.  Dallett,  Now  York. 

Cameron,  R.  W.,&  Co.,New  York. 

Compaguie  Q^n^rale  TransattaDliqne  (L.  de  Mbian,  agent).  New  York. 

Cunard  Royal  Hail  Steam-sbip  Line  (Vernon  H.  Brown  &.  Co.,agenta),  New 
York. 

DeDDisoD,  Tbomne,  New  York. 

Florio  Rabattino  Line,  New  York. 

H»mbnrg  American  Packet  Company  (Kunbardl  &.  Co.,  agente),  New  York, 

IniuaD  Steam-ship  Company,  New  York. 

HercbRDte'  Line  of  Sleaniers,  Nen  York. 

Hanoi  y  Eepriells,  New  York. 

Unrray,  Ferrie&Co.,New  York. 

Netherlands  Ameiioan  Steam  Navigation  Company  (H.  Caiaui,  agent).  New 
York. 

New  York  and  Brazil  Steam-ahlp  Company,  New  York. 

New  York  and  Hexico  Steam-ablp  Company,  New  York. 

North  Oennan  Lloyd  (agents,  Oelricha  &  Co.,  New  York;  A.  Schumacher  & 
Co.,  Baltimore). 

Pacific  Hail  Steam-ship  Company,  New  York. 

Panama  Railroad  Company,  New  York. 

Red  Star  Line  (Peter  Wright  Sl  Sons,  agents),  Philadelphia  aud  New  York. 

White  Cross  Liue  of  Antwerp  (Fnnch,  Edye  &  Co.,  af^ents).  New  York. 

Wilaon  &,  Asmna,  New  York. 


I  may  best  preface  what  I  have  to  say  about  the  library  by  a  repeti- 
tion of  some  introductory  remarks  in  my  previous  report: 

"Chiefly  tbrougb  its  exchange  system,  the  Smithsonian  had  in  1865 
accamulated  about  forty  thousand  volumes,  largely  publications  of 
learned  societies,  cootaluiug  the  reconl  of  the  actual  progress  of  tbe 
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world  in  alt  that  pertains  to  the  motital  and  physical  dereloptnent  of 
the  faatuan  family,  and  affordiDf;  the  means  of  trHciiig  the  bistoryof  at 
least  every  braoch  of  poaitiro  science  siuce  the  days  of  revival  of  let- 
ters DDtil  the  present  time.* 

"  These  iKxikB,  in  many  cases  presents  from  old  European  libraries 
and  not  to  he  obtained  by  purchase,  formed  even  then  one  of  the  best 
collections  of  the  kind  in  the  world. 

"  The  danger  incnrred  from  the  fire  that  year,  and  the  tact  tbat  the 
greater  portion  of  these  volumes,  being  onboand  and  crowded  into  in- 
sufficient space,  could  not  be  readily  consulted,  while  the  expense  to  be 
incurred  for  this  binding,  eularged  room,  and  other  purposes  connected 
with  their  nse  threaten^  to  grow  beyond  the  means  of  the  Institntion, 
appear  to  have  been  the  moving  causes  which  determined  the  iiegents 
to  accept  an  arrangement  by  which  Congress  was  to  place  the  Smith- 
sonian Library  vith  its  own  in  the  Capital,  subject  to  the  right  of  the 
Regents  to  withdraw  the  books  on  paying  the  charges  of  binding,  etc 
Owing  to  the  same  causes  (which  have  affected  the  Library  of  Con- 
gress itself)  these  principal  conditions,  except  as  regards  their  custody 
in  a  fire-proof  building,  have  never  t>een  fulfilled. 

"  The  books  are  still  deposited  chiefly  in  the  Capitol,  but  though  they 
have  now  accumulated  from  40,000  to  fuily  250,000  volumes  and  parts 
of  volumes,  and  form  without  donbt  the  most  valuable  collection  of 
the  kind  in  existence,  they  not  only  remain  unbound,  but  in  a  far  more 
crowded  and  inaccessible  condition  than  they  were  before  the  transfer. 
It  is  hardly  necessary  to  add  that  these  facts  are  deplored  by  no  one 
more  than  by  the  present  efficient  Librarian  of  Congress." 

At  the  last  meeting  of  the  Board,  the  Begents  passed  the  following 
resolution : 

**  Resolved,  That,  since  the  Smithsonian  deposit  now  numbers  over 
250,000  lilies,  and  is  atill  increasing,  at  the  cost  of  the  Institntion,  it 
is,  in  the  opinion  of  the  Begents,  desirable  that  in  the  new  building 
for  the  Library  of  Congress,  sufficient  provision  shall  be  made  fgr  its 
accommodatiou  and  increase  in  a  distinct  hail  or  halls,  worthy  of  the 
collections,  and  such  as,  while  recalling  to  the  visitor  the  name  of 
Smithson,  shall  provide  such  facilities  for  those  consulting  the  volnnfes 
as  will  aid  in  bis  large  purpose  of  the  difTuaion  of  knowledge  among 
men." 

I  have  brought  this  resolution  of  the  Begents  to  the  attention  of  the 
present  Librarian  of  Congress  and  to  that  of  the  Chief  of  Engineers, 
the  officer  in  charge  of  the  new  building.  1  learn  from  the  latter  offi- 
cial that,  owing  to  the  length  of  time  occupied  in  the  constmotion,  it 
will  probably  be  from  six  to  eight  years  before  any  effect  can  be  given 
to  this  resolution ;  and,  in  the  mean  time,  with  the  overcrowded  condi- 
tion of  the  present  quarters  of  the  Library,  the  chests  sent  up  from  the 
Institution  still  often  continue  to  lie  unopened,  so  that  their  contents 
are  inaccessible. 

Owing  to  this  overcrowding  and,  as  it  is  understood,  to  insufficient 
clerical  aid  in  the  Capitol  Library,  this  noble  collection,  the  product  of 
thirty  years'  accumulation  from  the  fund  of  Smithson,  is,  If  not  alto- 
gether lost  to  science  and  learning,  at  any  rate  so  impaired  in  its  ase- 

*  See  Smitbaonlui  Report  uf  1967.  ,  ii,CiOO<^lc 
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faloeas  that  it  can  uot  be  assuiaed  that  any  series  of  learued  trsusac- 
tioDS  is  DOW  complete  or  that  any  sludeut  can  any  louger  fluil  what  he 
Kuka  in  what  was  once  provided  for  his  aid.  I  beg  to  recommend  tbia 
regrettable  state  of  tbiugs  to  the  iiotice  of  the  (Congressional  Uegenta. 
The  present  sad  condition  must,  from  the  nature  of  the  case,  grow 
yearly  still  worse  nnder  the  present  arrangement;  nud  it  seems  certain 
that,  by  the  time  the  new  building  is  rendy  for  thu  books,  the  entire 
eollectton  will  Lave  its  value  so  imp'iirod  as  to  be  pecuniarily  »nd  oth- 
erwise of  little  value  in  comparison  wiili  the  original  cost.  The  only 
remedy  still  applicable  would  seem  io  lie  in  providiug  temporary  quar- 
ters for  the  collection  under  the  care  of  the  Librarian  of  Congress,  but 
outside  of  the  overcrowded  quartern  in  the  Capitol. 

The  labor  of  recording  and  caring  for  the  accessions  to  the  library 
hasbeeu  carried  on  as  during  tlie  last  flscat  year,  with  this  exception, 
that,  the  work  being  now  thoroughly  organized,  it  has  been  practicable 
to  dispense  with  the  services  of  one  of  the  three  clerks  previously  em- 
ployed in  this  department. 

The  construction  of  additioual  cases  iu  the  reading  room  Las  given 
iacreaaed  facilities  for  the  display  of  periodicnis,  nml  the  number  of 
serials  now  at  the  disposal  of  remlers  has  arisen  from  2G5  (as  at  the 
time  of  my  last  teiHtrt)  to  432.  The  reading-room  is  well  used  by  those 
classes  of  readers  for  whom  it  wa.'^  designed. 

The  most  important  operation  in  connection  with  the  library  during 
the  year  has  beeu  the  commencement  of  the  work  of  carrying  out  the 
plan  for  increasing  the  library  by  systematic  exchanges,  which  was 
originated  soon  after  I  entered  on  my  duties  as  Assistant  Secretary,  at 
the  desire  of  Secretary  Baird. 

Realizing  that  there  mnst  bo  many  scientiHv  and  technical  period- 
icals of  vnlne,  especially  in  branches  of  science  not  directly  related  to 
the  work  carried  on  at  the  Institution,  which  were  not  known  in  onr 
librwy,  and  recognizing  the  fact  that  many  new  publications  have  come 
into  ezisteuce  since  the  last  systematic  attempt  to  procure  full  returns 
for  the  publications  distributed  by  the  Institution,  I  addressed  circulars 
to  three  hundred  gentlemen  in -this  country  who  are  noted  for  their 
eminence  in  the  different  branches  of  knowledge,  desiring  them  to 
furnish  me  with  lists  of  the  scieutiflc  periodicals  which  were  of  value 
to  them  in  their  special  fields  of  investigation." 

In  reply  to  these  circulars,  171  voluminous  lists  were  received,  and 
these  I  caused  to  becarefally  collated.  The  result  of  this  collation  is  a 
list  of  3,600  titles,  embracing,  as  it  is  believed,  nearly  if  not  quite  all 
periodical  literature  of  importance  in  the  various  branches  of  knowledge, 
eiclusive  of  belles-lettres  and  the  art  of  medicine. 

In  order,  however,  that  this  list  shonid  be  of  any  practical  service  to 
the  Institution,  it  is  first  necessary  to  leuru  which  of  tliese  publications 
the  lustitntioD  may  already  possess,  either  in  complete  or  imperfect 

*  Copiea of  tbeM  ciroalara  are  to  !>«  found  In  Appendix  4  to  ni;  rep"'^'^  f""^  IdSi-'S^ 
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flics.  To  ascertain  tbis,  «ach  title  iu  the  list  must  be  laboriously  com- 
pared with  the  records  of  the  library,  raoniug  back  freqoentiy  for 
mnuy  years.  Agnio,  Bhoiild  a  learned  society,  publishing  transactioDS, 
or  tbe  publishers  of  a  jearnal  mentioned  in  this  liat,  be  fonnd  to  have 
received  Smithsonian  publications  without  making  anyadeqaataretnni, 
the  records  of  tbe  distribution  of  publications  must  be  searched,  in  otiet 
to  flud  the  exact  amount  of  publications  fnniisbed,  that  upon  this  the 
Institution  nay  bnso  its  demand  for  a  return. 

It  will  be  seen  that  the  publications  in  qnestion  fall  naturally  into 
four  classes. 

(1)  Jouruala  which  receive  the  Smithsonian  publications,  and  which 
are  not  to  be  found  in  the  library  of  the  lustitntion. 

(2)  Jonrnals  which  rcceice  tbe  Smitbsoniau  publications,  bnt  which 
make  either  no  return  or  an  inadequate  return  for  these. 

(3)  Journals  which  regularly  csvbange  with  the  lustitutjon,  bat  of 
which  the  files  in  the  library  are  for  any  reason  defective. 

(4)  Jonrnals  which  regularly  exchange  with  tbe  Institntion,  and  of 
which  the  library  possesses  a  complete  file. 

When  each  of  the  3,600  tides  has  been  assigned  to  it«  proper  place 
in  one  of  these  four  classes,  a  letter  uuisL  be  written  to  each  one  of  tbe 
journals  belonging  to  the  first  three  cliisses,  as  follows :  To  the  first  class, 
offering  to  exchange  j  to  tbe  secund,  calling  attention  to  the  fact  that 
the  Institution  has  received  no  adequate  returns  for  its  favors,  and  to 
the  third,  asking  for  tbe  volnmes  or  parts  of  volumes  required  to  com- 
plete the  files. 

It  will  tbas  be  evident  that  a  work  of  no  small  magnitude  remained 
to  be  performetl  after  the  list  of  jouruals  was  prepared.  A  careful  eati- 
raat«  showed  that  it  would  require  the  entire  time  of  a  competent  clerk 
for  at  least  twelve  months  to  perform  the  necessary  routine  work.  As, 
however,  the  Institution  was  not  in  a  ^tosition  to  employ  an  extra  clerk 
for  work  which  would  be  so  largely  for  the  benefit  of  the  Library  of 
Congress,  tbe  matter  was  allowed  lo  rest  here. 

The  desirability  of  the  plan,  however,  commended  itself  so  strongly 
to  me  that  I  could  not  willingly  see  it  given  up  and  the  large  amouitt 
of  labor  already  exi>ende^  remain  unfruitful.  Accordingly,  towards 
the  latter  part  of  the  past  fiscal  year,  I  presented  the  matter  to  Mr.  A. 
B.  Spofford,  tbe  Librarian  of  Congress,  who,  recognizing  the  advantages 
that  would  accrue  to  that  Library  from  carrying  out  the  plan,  consented 
to  defray  the  expense  of  the  necessary  clerical  work  from  his  own  ap- 
propriations. The  work  was  accordingly  begun  on  June  1, 1889,  hihI 
will  be  carried  on  continuously  under  the  immediate  supervision  of  Ihe 
librarian,  Mr.  John  Murdoch. 

It  is  estimated  that  of  the  3,600  titles  under  consideration,  at  least 
one-half,  or  1,800,  will  prove  to  be  new  and  desirable  accessions  to  the 
library,  while  the  work  done  in  endeavoring  to  complete  broken  series 
must  prove  to  be  of  great  value. 

n,g,t,7i.-JM,.COO<^IC 
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Tbe  followiug  is  a  stateiueot  of  (be  books,  maps,  aiiU  uliaHs  received 
'  b;  tbe  SmitbsoDiao  InstitatioD  fh)in  July  1, 1888,  to  June  30,  1889: 

Vnlmi^cs; 

Octavo  or  Biualler l.Othi 

Ouurlo  or  lureer... 4Un 

i.rw) 

Paris  of  Tolumes: 

OcUto  orariiKller GpTmC 

QtiarlonrlATKer O.ftlG 

1^,202 

pMupIilets : 

Octavo  or  Bmsller 3,70ri 

Q  aario  or  lareer 47:t 

3,178 

Haps 474 

Total 17,:jS4 

Of  these  accessions  4,810  (namely,  441  Tolnmes,  3,753  partB  of  vol- 
ones,  and  617  pamphlets,  were  retained  for  use  in  the  Museum  library, 
ud  S21  medical  dissertatious  were  deposited  iu  tbe  library  of  the  Sur- 
geoD-Oeneral's  Office,  U.S.  Army;  the  remainder  was  promptly  seut 
to  the  Library  of  Congress  on  the  Monday  following  tbeir  receipt. 

The  following  nniversitics  have  sent  complete  sets  of  alt  tbeir  aca- 
demic publications  for  the  year,  including  the  inaugural  dissertations  de- 
lirered  by  the  students  on  gradnation :  Bern,  Bonn,  Dorpat,  Eriaugen, 
Fieibnrg-im-Breisgaa,  Giessen,  Giittingen,  Halle-an-der-Saale,  Heidel- 
berg, Helsingfors,  Jena,  Kiel,  Konigsberg,  Leipzig,  Lonrain,  Lund, 
Tiibingeu,  Utiecht,  and  Wiirzbnrg. 

A  list  of  the  important  accessions  wilt  be  fonnd  in  the  Apiteodix  (Re- 
port of  the  Librarian). 

THE  DBPABTHENT  OP  LtTlNQ  ANIMALS. 

The  collection  of  the  department  of  liviuganimalsbas  increased  dur- 
ing the  year  (almost  wholly  by  donations)  to  sncli  an  extent  as  to  qaite 
overcrowd  its  accommodations,  and  render  it  necessary  to  resolutely 
cbeclc  its  growth,  while  the  degree  of  interest  manifested  iu  this  small 
display  has  been  surprising.  This  has  been  shown  not  only  by  tbe 
residents  of  Washington,  and  visitors  to  the  city,  who  form  tbe  daily 
crowd  of  visitors,  but  manj'  residents  of  remote  States  and  Territories 
bavu  testified  their  interest  by  sending  valaable  git^  to  the  collec- 

tiOD. 

Besides  these,  many  valuable  gifts  of  qnadrni)eds  and  birds  have 
been  received  tmm  United  States  Army  offlcerN  in  Texas.  A  most  val- 
uable donation  received  during  the  yenr  came  from  the  Hon.  W.  F, 
Cody  (BnBalo  Bill),  of  North  Platte,  ^'eb^.,  and  conHisterl  of  three  Bne 
American  elks,  two  malea  and  a  female. 

Dr.  V.  T.  McOillycuddy,-  of  Rapid  City,  Dak.,  oflfered  to  deposit  iu 
tbe  collection  four  American  bisons  which  have  been  in  liis  possession 
for  several  years.    The  conditions  of  the  offer  were  considered  snf-. 
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fideotly  liberal  to  justify  its  acceptance,  and  accordingly  Hr.  Qemgk 
H.  Hedley,  of  Medina,  N.  T.,  was  requested  to  proceed  to  Bapid  City, 
where  he  received  the  animals  and  arrived  in  Washington  with  them 
in  good  condition.  Being  fine  specimens  they  have  naturally  attracted 
mocb  attention. 

The  orercrovded  condition  of  the  temporary  cages  and  yards  god- 
taining  the  larger  animals  has  caasetl  estreme  tronble,  not  only  to  pro- 
vide properly  for  the  shelter  and  comfort  of  the  specimens,  but  to  keep 
them  from  either  killing  or  injuring  each  other.  Only  with  larger  space 
and  better  facilities  will  it  be  possible  to  so  cure  for  these  animals, 
and  many  others  like  them,  that  they  will  not  only  be  a  stock  from 
which  to  replenish  their  races,  so  rapidly  vanishing  from  the  oontiiient, 
bnt  a  source  of  constant  iustraction  and  recreation  for  the  iieople. 

thedepartmentof  living  animals  has  served  an  importaut  purpose 
in  aiding  to  bring  abont  the  establishment  by  Congress  of  a  National 
Zoological  Park,  for  the  public  interest  manifested  in  the  collection, 
forcibly  emphasizetl  the  general  desire  and  need  for  such  an  institution 
founded  on  a  liberal  scale.  During  the  period  when  the  Zoological 
Park  proposition  was  before  the  Fiftieth  Congress,  the  Secretary  con- 
sidered that  the  curator  of  this  department,  3fr.  Homaday,  could  not 
render  more  important  service  than  by  explaining  to  Members  the  de- 
tails of  the  plan  proposed,  and  be  was  accordingly  directed  to  devote 
a  portion  of  bis  time  to  that  duty. 

Tbe  actual  accommodations  provided  for  the  living  animals  are 
necessarily  of  the  most  temporary  character,  aud  do  not  in  the  slightest 
degree  indicate  the  proper  construction  of  permanent  improvements  of 
this  kind  in  a  first-class  zoological  garden.  At  present  a  targe  nam- 
ber  of  living  quadrupeds,  birds,  and  reptiles  are  crowded  together  in 
one  small  and  ill- ventilated  building  heated  by  steam,  which,  during 
exhibition  hours,  is  usually  filled  with  visitors  to  an  nnoomfortable  ex- 
tent It  will  be  a  great  boon  to  tbe  public  aud  to  the  animals  com- 
posing tbo  collection  as  well,  when  the  latter  can  be  transferred  to  tbe 
Zoological  Park  and  provided  with  suitable  accommodations.  Under 
the  circamatances  it  is  very  desirable  that  this  should  be  accomplished 
at  tbe  earliext  date  possible. 

The  total  number  of  living  specimens  received  during  tbe  year  was 
271,  of  which  126  were  gifts,  37  were  deposited,  and  8  purchased.  Tlie 
final  catalogue  entry  on  June  30,  18S0,  wns  341,  wbicb  represents  the 
total  number  of  B[>ecimen8  received  since  the  collection  was  began.  lu 
spite  of  tbe  disadvantages  the  curator  and  his  two  assistants  have  In- 
bored  under  in  the  care  of  this  collection,  it  is  gratifying  to  be  able  to 
reftort  that  during  the  year  the  losses  by  death  have  been  almost  wholly 
confined  to  the  small  and  least  valuable  animals ;  and,  with  the  excep- 
tion of  an  antelope  which  was  presented  by  Senator  Stanford  and  ilied 
before  it  bad  time  to  recover  from  the  effects  of  its  long  journey,  all  the 
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It  is  well  to  direct  attention  to  tbe  fact  tbat  Cougress  baa  as  yet  made 
Dft  special  appropriation  for  the  care  of  these  animals,  which,  with  their 
food,  represents  a  considerable  anm,  ill  spared  from  tbe  limited  appro- 
priation at  the  disposal  of  the  Secretary  for  the  increase  and  preserva- 
tion of  the  collectfona,  on  which  so  many  other  pressing  demands  are 
made. 

ZOOLOOIRAL   PABK. 

lu  luy  previons  report  I  stated  that  a  bill  bad  been  introduced  by 
Senator  Beck  to  create,  under  tbe  care  of  tbe  Regents  of  tbe  Smithsonian 
Institution,  a  zoological  garden  on  Rock  Greek,  where  these  animals 
might  not  only  form  the  subject  of  study,  but  be  expected  to  increase 
it  tbey  do  not  in  ordinary  captirity ;  and  I  gave  the  amendment  to  the 
BDndry  civil  appropriation  bill,  reported  by  Senator  Horrill,  wbicb 
TM  substantially  the  same  as  the  bill  of  Senator  Beck. 

For  reasons  which  may  be  fonnd  in  my  letter  to  the  chairman  of  the 
Committee  on  Poblic  Buildings  aud  Oronods,  quoted  later,  I  gave  much 
time  and  labor  in  the  interests  of  this  measure,  at  first  without  success, 
the  House  Committee  on  Appropriations  having  reported  its  uon-concnr- 
rencein  tbe  Zoological  Park  amendment,  and, after  along  debate,  which 
occupied  the  Attention  of  the  House  through  a  considerable  portion  of 
the  12th  of  September,  1888,  the  motion  to  concur  was  defeated.  In 
the  subsequent  conference  on  tbe  sundry  civil  bill,  the  Senate  con- 
ferees agreed  tbat  the  amendment  should  be  stricken  out,  so  tbat  the 
bill  was  lost. 

In  porsnance  of  what  seemed  to  me  a  public  duty,  I  did  not  accept 
this  defeat  of  the  bill  as  final,  but  brought  the  matter  again  before  the 
attention  of  Oongiess. 

On  tbe  I8tb  of  January,  1889,  at  the  request  of  the  Hon.  S.  Dibble, 
1  addressed  a  letter  to  him  as  chairman  of  the  Committee  on  Public 
Baildings  and  Grounds,  to  which  had  been  referred  a  bill  of  the  House, 
introduced  by  the  Hon.  W.  C.  P.  Breckinridge,  of  similar  purport  to 
that  introdaced  in  tbe  Senate.  This  tetter  tbe  committee  made  the  basis 
of  its  recommendation  for  tbe  passage  of  tbe  bill  in  tbe  following  words: 
REPORT  to  accompany  bill  H.  R.  UHIO. 

The  Committee  on  Public  Bnildiugs  aud  Grounds,  to  which  wag  re- 
ferred the  bill  (H.  B.  11810]  "for  the  establishmcDt  of  a  Zoological 
Park  in  the  District  of  Columbia,"  having  had  the  same  under  consid- 
eration, reB}>ectfully  submits  the  following  report: 

Appended  hereto  is  a  letter  of  Prof.  S.  P.  Langley,  Secretary  of  the 
Smithsonian  Institution,  portraying  the  necessity  of  such  a  park  and 
the  advantages  to  be  derived  from  its  establtshmeut;  and,  for  reasons 
therein  set  forth,  your  committee  respectfully  recommends  tbe  passage 
of  the  bill. 

Smithsonian  Institdtiok. 
Wathington,  D.  C,  January  18, 1889. 

Ht  Deab  Sib  :  I  write  what  follows  in  accordance  with  the  sngges- 
tioQ  of  your  yesterday's  letter,  intending  it  for  your  consideration  and 
that  of  tbe  committee.  ^.  ■  o  i  ^i  i  *- 
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From  all  parts  of  the  country,  for  many  years,  presents  of  live  ani- 
mals have  been  made  to  the  Govemineut  through  the  Smithsonian  In- 
stitution or  the  Museum;  but  the  absence  of  any  appropriation  for  their 
care  lias  led  to  their  being  sent  away  (though  most  reluctantly)  to  id- 
crease  the  collectiotm  of  the  zoological  parks  in  Philadelphia, New  York, 
London,  and  other  cities.  It  should  be  better  kuun-n  than  it  is  that 
everywhere  through  the  coantry  there  is  a  disposition  on  the  part  o( 
private  imlividuals  to  give  to  the  Government  in  this  way,  and  witbont 
any  expectation  of  return,  remarkable  specimens,  which  the  donor  (very 
commonly  a  poor  man)  sometimes  refuses  advantageous  pecuniary  offers 
for,  and  it  seems  haid  to  dechiie  gifts  made  in  such  a  spirit,  or,  nccept- 
ing  them,  to  give  tliem  away  iigain. 

But  little  over  a  year  ago  I  gave  instractions  that  these  live  si>eci- 
uens  shonld  be  retained  temiwrartly,  as  an  experiment,  and  although  a 
very  few  hiive  been  purchasetl,  the  collection,  which  is  a  subject  of  so 
much  local  popular  interest,  has  been  thus  formed,  substantially  by  gift, 
within  perhaps  fifteen  mouths,  and  this  though  many  proffers  have  been 
declined  for  want  of  means  to  care  for  them,  1  am  .pernuaded  that,  if 
it  were  generally  known  that  the  Government  would  receive  and  care 
for  SQch  gifts,  within  a  very  few  years  the  finest  collectmn  of  American 
animals  in  the  worhl  miglit  be  made  here  in  this  way,  with  compara- 
tively no  expenditure  for  parchase. 

Among  the  many  interested  in  the  incipient  coll'.'ction  was  Senator 
Beck,  whose  bill  for  the  formation  of  a  zoolugicat  park  was  bronght 
before  the  Senate  on  April  23,  1S8S.  The  writer  directed  tlio  Senator's 
attention  to  the  fact  that  a  piece  of  ground  einguhirly  suitable,  by  the 
variety  of  its  features,  to  the  provision  for  the  wants  of  all  the  different 
kinds  of  animals,  existed  in  tbo  picturesque  valley  of  Rock  Creek  in 
tbe  part  nearest  to  the  city.  Here  not  only  the  wild  goat,  the  mountain 
sheep  and  their  congeners  would  find  the  rocky  cliffs  which  are  their 
natural  home,  but  the  beavers  brooks  in  which  to  build  their  dams ;  tbe 
buffalo  places  of  seclusion  in  which  to  breed  and  replenish  their  dying 
race;  aquatic  birds  and  beasts  their  natural  home,  and  in  general  all 
animals  would  be  provided  for  on  a  site  almost  incomparably  better 
than  any  now  used  for  this  purpose  in  any  other  capital  in  the  world. 

With  this  is  tbe  pre  eminently  important  consideration  that  tbe  imme- 
diate neighborhood  to  the  city  would  make  it  accessible  not  only  to  the 
rich,  but  to  the  poor,  and  therefore  a  place  of  recreation  to  the  great 
mass  of  the  residents,  as  well  as  to  the  hundreds  of  thousands  of  citi- 
zens from  all  parts  of  the  country  who  now  annually  visit  the  capital. 

It  may  be  added  that,  so  far  as  is  known  to  the  writer,  all  thonG  in- 
terested in  the  desirable  but  larger  plan  for  a  public  park  along  the 
whole  Bock  Creek  region — that  is  to  say,  all  those  acquainted  with  the 
beauties  and  advantages  of  the  site — regard  the  establishment  of  the  pro- 
posed zoological  park  there  with  favor.  It  is  very  difScnlt  for  any  one 
who  has  not  visited  the  region  to  understaiul  its  singularly  attractive 
character,  due  to  tbe  good  fortune  which  has  preserver!  its  picturesque 
features  intact  nrtil  now,  although  the  growing  city  is  sweeping  aronoil 
and  envehipiug  it. 

The  Smithsonian  Institution  has  not  customarily  received  with  favor 
the  propositions  continually  made  it  to  plnce  different  local  or  national 
interests  under  its  charge,  but  the  very  special  reasons  which  seem  in 
this  case  to  enable  it  to  at  once  secure  a  home  and  city  of  refuge  for  the 
vanishing  races  of  the  continent,  and  a  place  for  the  liealtb  and  recrea- 
tion of  the  inhabitants  of  the  city,  and  citizens  of  the  United  States, 
together  with  an  opportunity  for  the  carrying  out  an  enterprise  of 
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DatioDa)  scientific  value,  iviid  the  fonnatiou  of  wbat,  as  regards  its  site, 
at  least,  is  the  finest  zoological  garden  in  exi^teDce — all  tbe»o  consider- 
atious  Imve  movei)  it  to  see  in  tliiii  an  opportunity  to  carry  out  its  legit- 
imate trork,  "  tlic  increase  aiul  diSusion  of  knowledge  among  men." 

When,  therefore,  Senator  Beck  made  Ibenuderstuudiii^tbuttbeSmitfa- 
eonian  Institution  would  accept  tbe  charge  of  such  a  park,  tbe  primary 
condition  ou  wbicb  bo  would  undei-tiike  to  recommend  it  to  Congress, 
tbe  Secretary  felt  authorized  to  say  that  be  believed  it  propable  that 
Ibe  jiroposition  would  be  favorably  viewed  by  tbe  regents,  and,  tbe 
matter  once  brought  before  Congress,  be  has  not  disguised  his  own 
interest  in  the  success  of  Ibe  measure. 

Tlie  bill,  brougiit  iu  by  Mr.  Breckinridge  in  the  Uuuse  (and  by  Sen- 
ator Horrill  in  tbe  Senate),  approiiriates  $200,000  for  the  purchase  of 
iiot  less 'than  100  acres  of  land.  The  land  actually  most  desired  for  the 
EDotogical  park  covers  about  120  acres,  being  precisely  that  portion  of 
the  Kock  Creek  "Valley  wbicli  will  be  soonest  destroyed,  as  regards  its 
picturesque  aud  attractive  features,  by  the  laying  out  of  streets  aud 
Ioi8.  Nevertheless,  aud  largely  owin^  to  the  very  fact  that  tbe  pict- 
ares<]ueness  of  tbe  locality  implies  the  esisteuce  of  rocks,  precipices, 
aod  valleys,  wbicb  it  woald  cost  much  to  level  aud  fill,  in,  this  land  can 
still  be  obtained  at  rates  wbicb,  cousideriug  its  neigbborbooil  to  the 
city,  are  remarkably  cheap.  The  most  thorough  examination  that  I 
bare  been  able  to  make,  tbe  testimony  of  various  real-estate  experts 
and  others,  have  satisfied  me  that  tbe  purchase  may  aud  will  be  com- 
pleted for  somewhat  less  tbau  tbe  sum  named  in  the  appropriation,  even 
leaving  a  small  margin  for  tbe  erection  of  a  preliminary  shelter  for  tbe 
animals, 

I  beg  most  respectfully  to  urge  upon  tbe  attention  of  the  committee 
the  fact  that  it  is  at  once  the  strength  and  weakuess  of  this  measure 
tbat,  so  far  as  is  known,  it  is  au' entirely  disinterested  one,  tbe  real- 
estate  boldem  in  tbe  vicinity  being  generally  indifferent  or  opposed  to 
it,  for  reasons  whicb  can  be  explained,  it'  desired,  and  that  it  is  being 
tbus  pressed  upon  Congress  by  those  who  have  tbe  measure  at  heart, 
l>«(»atte  anything  that  is  done  must  be  done  soon.  It  is  probable  that 
Titbin  a  year  or  two  more,  the  gootl  fortune  which  has  kept  this  siugu- 
liirly  interesting  s])ot  intact,  while  tbe  growing  city  is  encircling  it,  will 
I'rotectit  uo  longer.  It  is  uot  the  mere  space  on  the  map  which  is  to 
be  secured,  but  natural  advantages  which  have  uo  relation  to  the  uuni- 
Wof  acres,  aud  which  can  not  be  restored  if  once  destroyed,  since  it 
u  not  in  the  power  of  Congress  itself  by  any  ezpendituie  of  money  to 
iwreate  a  rock  or  a  tree. 

I  am,  very  respectfully,  yours, 

S.  P.  Lamulby, 

Hon.  Samuel  Dibble,  Secretary. 

Hou»e  of  Repreamttatives. 

It  appears,  however,  that  this  recommendation  could  not  be  brought 
to  the  consideration  of  Congress  in  season  for  action,  and  at  nearly  tlic 
saine  time  Senator  Edmnnds  introduced  au  amendment  to  the  District 
bill.  There  were  at  this  time  two  measures  being  pressed  upon  tbe 
attention  of  Congress,  one  for  tbe  creation  of  a  national  park,  includ- 
'ng  a  thousiind  or  more  acres  upon  Rock  Creek,  extending  fur  beyond 
the  limits  of  the  proposed  zoological  park,  and  requiring  a  large  ex- 
peiMjiture  not  for  buildings  but  lor  lauds,  a  measure  with  w^^^f^^^^^^^. 
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Smithsoniaa  Institation  was  DOt  ooncerned;  tbe  other  a  muuh  iDore 
limited  scbeme  for  tbe  zoological  park,  which  latter  it  was  unilerstood 
in  GoDgresa  was  to  be  placed  under  tbe  SmithsoDian  lustitation. 

Under  these  circamatanues  tbe  houorable  Mr.  Edmuuds  iatrodacM 
an  amendmeDt  to  the  District  of  Columbia  bill,  as  follows : 

AHENDHENT  iotended  to  be  proposed  by  Mr.  EdmDnda  to  the  bill  (H.  B.  Uffiil) 
making  appropriatione  to  provide  for  theeipenBeaof  tbeKOvemmeDtof  the  Diattict 
of  Colnmliia  for  the  flscsl  fearendinK  June  thirtietb,  eighteen  bnadrod Mid niite^, 
sod  for  other  xiurpoaes,  vie:  Insert  tne  foUoviiig: 

"  For  the  establishment  of  a  zoological  park  id  the  District  of  Colatn- 
bia,  two  hundred  thousand  dollars,  to  be  expended  under  and  in  acoord- 
'  ance  witb  the  provisions  following,  that  is  to  say ; 

"  That,  in  order  to  establish  a  zoological  park  in  the  District  of  Co- 
lumbia, for  the  advauceuient  of  science  and  the  instruction  aud  recrea- 
tion of  tbe  people,  a  commission  shall  be  constituted,  composed  of  three 
iwrsons,  namely :  The  Secretary  of  the  luterior,  the  president  of  the 
board  of  Commissionera  of  tbe  District  of  Columbia,  and  the  Secretary 
of  the  Smithf  onian  Institution,  which  shall  be  known  aud  designated  as 
tbe  commission  for  the  establishment  of  a  zoological  park, 

"  That  the  said  commission  is  hereby  authorised  and  directed  to  make 
au  inspection  of  the  country  along  Rock  Creek,  between  Massachusetts 
avenae  extended  and  where  said  creek  is  crossed  by  tbe  road  leading 
west  from  Brightwood  crosses  said  creek,  and  to  select  from  that  dis- 
trict of  country  such  a  tract  of  land,  of  not  less  than  one  hundred  acres, 
which  shall  include  a  section  of  the  creek,  as  said  commission  shall 
deem  to  be  suitable  and  appropriate  for  a  zoological  park. 

"That  the  said  commission  shall  cause  to  be  made  a  carefal  map  of 
said  zoological  park,  showing  the  location,  quaatity,  and  character  of 
each  parcel  of  private  property  to  be  taken  for  such  purpose,  with  the 
names  of  the  refpective  owners  inscribed  thereon,  and  the  said  map 
shall  be  flled  and  reconled  in  t)ie  public  records  of  the  District  of  Co- 
lumbia; and  from  and  after  that  date  the  several  tracts  aud  parcels  of 
land  embraced  in  such  zoological  park  shall  be  held  as  condemned  for 
public  uses,  subject  to  tbe  payment  of  just  compensation,  to  be  deter- 
mined by  the  suid  coumissiun  and  approved  by  the  President  of  the 
United  States,  provide*!  that  such  compensation  be  accepted  by  the 
owner  or  owners  of  the  several  parcels  of  land. 

"That  if  the  said  commission  shall  be  unable  topurcbase  any  portion 
of  tbe  land  so  selected  and  condemned  within  thii-ty  days  after  sDoh 
condemnation,  by  agreement  with  tbe  resjiective  owners,  at  the  price 
approved  by  tbe  President  of  the  United  States,  it  shall,  at  tbe  expira- 
tion of  such  |)erio(l  of  thirty  days,  make  application  to  the  supreme 
court  of  the  District  of  Columbia,  by  petition,  at  a  general  or  special 
term,  for  an  assessment  of  tbe  value  of  such  laud,  and  said  petition 
shall  contain  a  particular  description  of  the  property'  selected  and  con- 
demned, witb  the  name  of  the  owner  or  owners  thereof,  and  his,  her,  or 
their  residences,  as  far  as  tbe  same  can  be  ascertained,  together  with  a 
copy  of  the  recorded  map  of  tbe  i)ark  ;  and  the  snid  court  is  hereby 
authorized  and  required,  n|)on  such  application.without  delay,  to  notify 
tbe  owners  and  occupants  of  the  land  aud  to  ascertain  and  assess  the 
value  of  tbe  laud  so  selected  aud  condemned  by  appointing  three  com- 
missioners to  appraise  tbe  vniue  ur  values  thereof,  and  to  return  the 
appraisement  to  tbe  court;  and  when  tbe  v^alucs  of  such  land  are  thus 
Mccrtained,  and  the  President  shall  deem  tbe  same^^i^^lo,  said 
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Talnes  sball  be  paid  to  tbe  owoer  or  owuers,  and  the  Doited  States 
Bhall  be  deemed  to  bare  a  valid  title  to  said  lands. 

"That  the  Baid  commission  is  hereby  authorized  to  call  npon  the 
Superintendent  of  the  Coast  and  Geodetic  SuiA'ey  or  tbe  Director  of  the 
(ieulo|rica1  Survey  to  make  such  surveys  as  may  be  ueceflsary  to  carry 
ioto  effect  tbe  provisions  of  this  section ;  and  the  said  officers  are 
hereby  aatborized  and  reqnired  to  make  sach  surveys  under  the  direc- 
tiOD  of  said  commission.'' 

The  amendmeot  of  Senator  Ed  moods  was  nDderstootl  to  be  offered 
in  a  spirit  entirely  f  riendly  to  the  intereats  of  thfs  Institution,  but  it 
iJiffers  from  that  reported  from  the  Committee  on  Public  Buildings  and 
Groands,  in  omitting  the  name  of  the  Begeot^,  io  placing  the  appro- 
priation noder  those  for  the  District,  iu  removing  from  theOommis- 
BioD  the  power  to  lay  out  tbe  land,  and  iu  extendiug  tbe  limits  within 
wbicb  they  bad  cboive,  to  the  military  road,  in  this,  as  in  other  re8|>ect8, 
regembling  tbe  limits  of  the  larger  scheme  of  tho  national  park,  as 
lenerally  proposed.  On  the 26tb  of  February  the  Edmunds  amendment 
passed  substantially  as  above  given,  and  by  the  President's  approval 
of  tLe  District  bill,  became  a  law  on  March  2." 

Ill  Tiew  of  tbe  fact  that  the  zoological  park  will  probably  iu  any  case 
bathe  ultimate  place  of  deposit  for  the  living  collections  now  under 
llie  charge  of  tbe  Regents,  and  that  their  secretary  is  named  as  one  of 
tbe  commissioners  for  effecting  tbe  purchase,  it  seems  proiwr  to  add  a 
brief  statement  of  tbe  work  done  by  tbe  commission,  wbicb,  after  per- 
Mnally  and  carefully  inspecting  the  whole  course  of  tbe  stream  from 
Hasaachosetts  avenue  to  Mditary  road,  about  4  miles  above  tbe  dty, 
foaod  no  district  so  desirable  for  tbe  single  purpose  of  a  zoological 
park  as  that  lying  between  Woodley  Lane  and  Elingle  Bridge,  and  des- 
ienated  in  tbe  original  bill  of  Senator  Morrill ;  and  tbe  commissioners 
bare  proceeded  to  coudeuiu  a  tract  of  16r>  acres  of  tbe  remarkably  Tarie<l 
anil  picturesque  country  whose  character  is  described  in  the  secretary's 
letter  to  tbe  chairman  of  the  Uommiltee  on  Public  Buildings  and 
(irounds  already  cited. 

The  condemnation  is  not  complete  without  the  President's  approval, 
vhicfa  had  not  been  given  at  tite  date  of  tbe  completion  of  the  fiscal 

'Eilruts  from  tlie  Congress  ion  at  Recorrt.  Mr.  Breckioridge,  of  Kentucky,  ittatee, 
"I  append  tbe  report  of  Ibo  Committee  on  Pnliltc  KiiildingB  and  Grounds  tbat  tlie 
neetd  may  ebow  the  exact  object  in  view.  Tbtre  is  absolute  protection  from  Job- 
^ciria  tbe  flict  tbat  tbis  is  to  bo  under  tbe  8ii|iervision  of  tliB  Smitbaouian  luitti- 
MtioB."  Hr.  Dibble  says  in  the  same  debate,  "We  are  proiid  vf  tbe  SniitbHODian, 
MxllheBmitbsouian  bos  already,  by  gift,  uut  purchase,  tbe  nocleusof  a  collection, 
Hitlin]  iuformed  by  tbe  Secretary  of  tbe  Saiitbsonian  tbnt  this  place  famiaheB  tbe 
right  kind  of  location  for  the  pnipagalion  and  perpt'tuatioD  of  thuee  rapidly  diaap- 
puring  species  of  Anieritao  animals,  wbile  at  tbe  same  time  it  will  serve  tbe  pur- 
posMof  apnblic  pdrk."  Hr.  Dibble  conlinaed,  "lam  informed  tbat  the  inqniries, 
WiiutM,  and  ofTeraiodicate  that  the  t^  acres  which  is  ineluded  in  the  design  now 
in  ftont  of  tbe  reporter's  desk  [referring  to  a  large  map  showing  that  part  of  the 
tnA  between  Woortley  Lane  and  Klinglo  rood,  which  the  Morrill  bill  placed  nndn 
the  cue  of  the  Begeuts]  can  be  pDrvLuMil  for  eomelbing  kaa  Ihau  (300,000,  et4].'^^lc 
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year,  bat  I  may  be  allowed  to  so  far  aDtici|iat«  a  statemeut  properly 
belODgitig  to  a  later  report  as  to  say  tbat  tbis  approval  baa  siDce  bern 
given,  aud  tbat  the  laad  will  almost  undoubtedly  become  tbe  property 
of  tbe  Goverument.  Tbe  commission  bas  do  power  to  lay  out  the  laud, 
aud  has  no  instruutiou  from  Congress  as  to  its  altimate  dostinatiou, 
owing,  it  may  well  be  supposed,  to  tbe  general  snpposition  in  the  Boase 
that  tbe  bill  as  voted  contained  aclaaseplacingitnndertbecareof  the 
Smithsonian  XnstitatioD. 

HIS0ELLA.KBOU8. 

The  Statue  to  Professor  Baird. — In  recognition  of  tbe  distingnisLed 
services  of  tbe  late  Professor  Baird,  a  bill  was  introduced  in  the  Seuate 
of  the  United  States,  and  passed  by  tbat  body  February  10,  1888, 
making  au  appropriation  for  the  erection  of  a  bronze  statne  to  com- 
memorate his  merits.  Tbis  bill  was  referred,  in  tbe  House  of  Bepresen- 
tatives,  to  tbe  Committee  on  the  Library,  but  was  not  reiwrted.  It  is 
hoped  tbat  tbia  important  subject  will,  during  tbe  coming  session,  re- 
ceive the  attention  which  it  merits.  Ad  appropriation  of  (25,000  was 
made  by  Congress  for  tbe  beueQt  of  the  widow  of  tbe  late  Secretary, 
whose  life  had  beeu  so  unselfishly  devoted  to  the  service  of  the  nation. 

Art  Collectiona. — I  alluded  in  a  previous  report  to  the  fact  tbat  a  very 
valuable  collectiou  of  art  objecta  bad  been  promised  to  tbe  Smithsonian 
Institution.  Tbe  intending  donor  is'understood  to  contemplate  tbe 
transfer  of  tbe  collection  at  no  very  remote  period,  the  principal  condi- 
tion being  tbat  tbe  Institution  shall  provide  a  suitable  fire-proof  build- 
ing for  it. 

Upon  the  representations  of  tbe  agent  of  the  Institatiou  in  Europe,  as 
to  the  value  of  the  collection  and  as  to  tbe  desire  of  it«  owner  to  see 
your  Secretary  in  order  to  arrange  for  the  formal  transfer,  tbe  writer 
made  a  brief  visit  to  France  laat  July,  for  the  purpose  of  such  confer- 
euee  and  arrangement,  but  illness  on  tbe  ownei^s  part  has  delayed  ac- 
tion, so  tb.it  tbe  Secretary  is  not  able,  as  be  bad  hoped  to  be,  to  lay  tbe 
matter  more  fully  before  tbe  Regents  at  their  present  meeting. 

Assignment  of  rooms  for  scientific  work. — During  tbe  past  year  tbe 
use  of  rooms  in  the  Smithsonian  building  bas  been  continued  to  tbe 
Coiist  aud  Geodetic  Survey  for  pundnlnm  experiments,  and  a  room  has 
beeu  assigned  to  the  use  of  the  Zoological  Park  Commission. 

Toner  lecture  fund. — T!ie  Secretary  of  the  Institution  is  at  officio 
chairman  of  the  board  of  trustees.  The  fund,  consisting  partly  of 
Washington  real  estate  aud  partly  of  Government  Iwnds,  bos  an  esti- 
mated valne  of  about  93,000.  A  lecture  was  delivered  on  May  29,  in 
the  hall  of  tbe  Museum,  by  Dr.  Barrison  Allen, of  Philadelphia,  on  "A 
Clinical  Study  of  the  Skull,"  tbe  first  delivered  uuder  this  fttu<j  for  MV' 
eralyears.  v^iOO^iK 
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tfnmff  and  tubacriptiont. — Id  accoi'dance  with  tbe  precedeots  estab- 
lished by  yonr  first  Secretary  for  enoonragfog  meritorioas  scientific  eu- 
terprises,  aodertakea  witboat  view  to  pecaoiary  gaio,  a  sabscriptioDof 
twenty  oopies  o(  tbe  Astronomical  Joarnal,  edited  by  Dr.  B.  A.  tiould, 
baa  been  contioned. 

Privilege  of  the  fioor  of  the  House  of  Rqn-esentatives. — Owing  to  tbe 
lamented  deatb  of  tbe  Bod.  S.  8.  Cox,  no  farther  action  appearn  to  bave 
been  taken  by  the  Boose  in  reference  to  a  bill  introduced  by  him  to  con- 
fer the  privilege  of  the  floor  on  the  Secretary  of  the  Smitbaouian  lu- 
stitotion. 

SMtthtonian  grounde. — At  the  request  of  the  Director  of  the  Geologi- 
cal Survey,  permission  was  granted  to  place  stones  for  a  base  line  300 
feet  on  B  street,  south,  to  be  used  as  a  standard  of  comparisou  for  tai>e 


American  Si$torieal  Auoeiation. — Reference  was  made  in  tbe  last  re- 
port to  a  bill  introduced  in  thu  Senate  to  incorporate  the  Historical  As- 
MciatiOD  and  to  conuect  it  with  the  Smithsonian  liistitutioD.  Congress 
has  since  poaaed  tbe  act  organizing  tbe  association. 

Sttreotgping. — All  tbe  stereotype  plates  belonging  to  the  Inntitution 
hare  been  brongbt  from  Philadelphia  to  Wasbiugton  and  stored  in  tbe 
basement  of  the  boilding. 

I  have  elsewhere  allnded  to  tbe  fact  that  the  practice  of  stereotyping 
the  bnlletinsand  proceedings  of  the  Washington  scieutillu  societies  has 
been  iliacontinned. 

Temporarg  thed — I  hare  also  elsewhere  alluded  to  the  purpose  of 
potting  ap  in  tbe  Smitbsoiiiau  groniidH  a  temporary  shelter  for  iustni- 
■oeatsaud  apparatax,  which  may  at  ihe  same  time  permit  of  HouieAHtro- 
physical  observations  being  made.  This,  however,  is  only  a  teui))Mmry 
expedient,  and  if  the  Regents  ever  suQclion  the  erection  of  an  observa- 
tory for  tbis  purpose  it  will  be  necessary  to  place  it  in  aome  very  qniet 
locality  far  removed  from  all  tremor.  £inch  a  locality  exists  in  tbe  new 
loological  park,  bnt  while  'he  action  ot  Congress  in  regard  to  the  pur- 
chase of  tbe  latter  was  still  uncertain  I  addressed  a  letter  to  thf  honor- 
able the  Secretary  of  War,  aoking  permisaion  in  case  it  were  tound  de- 
sirable to  occupy  a  vacant  tract  of  land  in  tbe  sonlbern  portion  of  the 
cemetery  at  Ariington  for  this  purpose.  His  assent  was  given  in  the 
following  letter: 

WiE  DEPABTMENT, 
Waehington  City,  January  9, 1889. 

But:  I  have  tbe  honor  to  acknowledge  the  receipt  of  your  letter  of 
the  18tb  oltimo,  requesting  that  the  Smithsonian  Institution  beautbor- 
|Kd  to  occBpy  a  site  in  the  Arlington  national  cemetery,  as  indicated 
in  a  memorandum  and  plat  inclosed  by  yon,  for  the  purposes  of  an 
utro-phvfiical  laboratory.  f  ~,ww^l,> 
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In  reply  I  beg  to  atlvise  yon  tfaat  tbere  Is  tio  objection  to  tite  occapti' 
tion,  in  tbe  niiinQer  Rtated,  of  a  piece  of  ground  not  exceeding  2  acres, 
indicated  on  »  plat  whicb  may  bo  examined  in  the  office  of  the  Qnarter- 
master- General,  provided  that  the  ground  iu  question  be  vacated 
whenever  it  is  required  by  this  Department, 
Very  respectfully, 

Wm,  C.  ENDirOTT, 
Secretary  of  War- 
Prof.  8.  P.  Langley, 

Secretary  iSmithsonian  IniHtutum. 

The  plat  iu  question  (shows  the  location  of  the  lot  near  the  center  and 
highest  part  of  the  unoccupied  wooded  ridge,  near  the  colored  soldiers' 
jiortion  of  the  ci-metery.  The  site,  however,  is  so  distant  that  I  should 
not  propose  to  occupy  it  whde  any  better  could  be  procured. 

Reception. — I  have  alluded  in  my  previous  report  to  the  habit  of  the 
first  Secretary  of  giving  receptions  from  time  to  time  in  the  rooms  of 
the  Institntiou  and  to  the  fact  that  though  these  rooms  are  now  de- 
voted to  official  purposes,  tbc  writer,  desiring  to  maintain  tbe  tradi- 
tions of  this  hospitality,  had  used  them  once  for  a  similar  purpose.  He 
lias  again  employed  them  in  this  year  on  tbe  18th  of  April  for  a  recep- 
tion where  it  was  sought  to  unite  tbe  old  and  new  friends  of  the  Insti- 
tution. 

Corre^ondence. — The  Institution  receives  annually  inquines  from  all 
parts  of  the  country  for  information  on  topics  often  most  iucongmous, 
but  usually  connected  with  science,  which  are  submitted  to  the  Secre- 
tary. None  of  these  inquiries  is  left  unanswered,  and  the  burden  of 
this  correspondence  is  very  considerable.  Itbaa  always  been  regarded, 
however,  as  incumbent  on  the  Institution  to  reply  to  them  as  a  part  of 
its  function  in  tbe  distribution  of  knowledge,  and  a  good  deal  of  labor 
which  does  not  appear,  continues  to  be  devoted  to  this  end. 

U.  S.  NATIONAL  MUSEUM. 

The  main  features  of  tbe  work  of  the  National  Museum  are  briefly 
referred  to  in  this  place.  They  are  fully  described  elsewhere,  in  the 
separate  volume  forming  tbe  report  of  Dr.  Goode,  Assistant  Secretary 
in  charge  of  tbe  Museum,  and  tbe  Curators  of  its  several  departments. 

Classijied  service  of  the  Museum.— \i\  response  to  a  resolntiou  of  the 
Senate  asking  for  a"  schedule  of  the  classified  service  of  the  officers  and 
employes  of  tbe  National  Museum,"  a  letter  was  addressed  by  me  on 
March  2  to  Hon.  John  J.  lugaJls,  President  pro  tempore  ot  the  Senate, 
transmitting  a  schedule  which  upon  very  careful  deliberation  repre- 
sents tbe  actual  necessities  of  the  service. 

This  schedule  and  the  letter  of  transmittal  were  printed  as  miscel- 
liineouH  document  No.  92.  Fiftieth  Confess,  second  sessioOjand  are 
bere  reprinted;  CoQi^lc 
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LETTEB  or  the  SecreUrj  of  the  SmitbooDian  Ituititatiau  ia  refenaoe  to  Sensle  reso- 
IntioD  of  Octobers,  1688, ukintE  for  "a Boheda'       '    "        ■      —    ■  -  -■ 

offlcen  and  employes  of  the  Natioaal  MiueDui." 


SMiTHSomAN  Imstitutiom, 

March  2,  I8S9. 

Sib:  In  response  to  the  Senate  resolatiou  asking  for  "a  scliedale  of 
the  classified  ttervice  of  tbe  officers  and  employes  of  the  National  Mu- 
seura,"  I  have  the  honor  to  tmnsniit  the  accompanying  schedule,  which 
represents  the  prcHeut  actnal  necessities  of  the  service. 

"nie  service  for  tbe  flscal  year  of  1887-'88  was  reported  upon  in  a  let- 
ter to  the  Speaker  of  tbe  House  uf  BcpreBentatives,  dated  December 
1, 18S8  (H.  R.  Mis.  Doc.  No.  55,  Fiftieth  Congress,  secoud  session). 

lu  this  the  aggregate  expenditures  for  service  were  shown  to  have 
been  $122,750.47,  of  which  sum  $97,493.32  was  paid  from  tbe  appro- 
priation for  preservation  of  coHectioDS,  $19,203.79  from  tUiit  for  fur- 
Ditnre  and  fixtures,  and  $6,053.36  from  that  for  heating,  tij^bting,  and 
electrical  and  telephonic  service. 

Ascbednte  of  the  namher  of  i>erHons  employed  iu  the  various depart- 
meuts  of  the  Museum  was  also  given  iu  Ibis  letter  (pages  i,  9, 11). 
Tbis  scbednle  should,  however,  be  regarded  only  as  an  approximate 
oue,  since  many  of  tbe  employes  were  actually  engageil  only  a  part  of 
tbe  year,  and  others  were  temporarily  transferred  to  the  pay-rolls  of 
the  Cincinnati  Exhibition  and  were  engaged  in  special  work  iu  connec- 
tion with  that  exhibition. 

It  is  estimated  that  tbe  aggregate  expenditures  for  services  for  tbe 
present  fiscal  year  (ISSS-'SO)  will  be  $12!),710,  of  which  amount  $103,000 
will  be  paid  from  the  approptiation  for  preservation  of  collections, 
$20,000  from  that  for  furniture  and  fixtures,  and  $5,710  from  that  for 
beating,  lighting,  and  electrical  aud  telephone  t<ervice. 

In  the  Bchednle  herewith  transmitted  it  is  shown  that  for  tbe  proper 
working  of  the  Museam  tbe  amonnC  reqnired  for  seivicee  woald  be  as 
follows : 

ForiaUrieaof  BoieDtiflcaKiBlants $56,300.00 

For  clerical  foToea 36,920,00 

Forwrvicesin  prepariug,  mounting,  and  iDStalliDK  tbe  collect! oiu 32,060.00 

Fonervieea  in  polioinf;,  canns  for,  and  oleaQiDK  tbe  baiMinna 36,740.00 

FoiMTvieeaiQ  reyairiDg  baildings,  eased,  and  objects  in  the  coUectiona. .  14.163. 00 
For  Rilaries  and  wages  !□  desijciilDg,  mftkiiiE,  and  iDspecting  cases  and 

other  appliances  for  the  exhibition  and  saf^-keepiDg  of  tbe  colloctioDS.  18,  337.50 
For  serrices  in  connection  with  the  heating,  lighting,  anil  electrical  Aod 

telephonic  service 6,630.00 

For  serrices  of  miscollaneons  employ^  including  dranghtsmen,  nieesen- 

gers,  elc 7,980.00 

Total 199,121.00 

Tbe  Increase  to  the  total  expenditure,  as  indicated,  is  duo  partly  to 
the  addition  of  a  number  of  officers  to  the  scientific  staff',  and  also  to 
the  necessity  for  a  few  additional  clerks,  and  a  considerable  number  of 
vatchmeo,  laborers,  cleaners,  and  messengers,  whose  services  are  essen- 
tial to  tbe  safety  of  the  collections,  as  well  as  to  provide  for  the  clean- 
liness aud  proper  care  of  the  buildings  and  for  tbe  comfort  of  visitors. 

The  rates  of  pay  indicated  are  in  most  cases  contiderably  lower  than 
are  customarily  allowed  for  a  simitar  service  in  the  Executive  Depart- 
fflenta. 

In  tbe  scbednle  now  presented^  expenditure  for  services  only  is  tabeo 
into  coiisideratiou. 

n,g,t,7l.dM,COOglC 
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No  attempt  has  been  made  to  present  tbe  needs  of  the  Musenm  id 
regard  to  the  parchase  or  collecting  of  specimens,  the  purchase  of  gen> 
eral  sapplies,  preservatives,  materials  for  roonuting  and  installing  col- 
lections, books,  exbibitioD  cases,  furniture,  fael,  and  gas,  the  mainte- 
nauee  of  tbe  heating  and  lighting  appliances,  freight  and  cartage,  trav- 
elling expenses  of  collectors  siid  agents,  etc. 

For  theoe  varioas  purposes  the  expenditure  in  tbe  last  flsral  year 
amounted  to  (45,349.53,  and  that  for  tbe  present  fiscal  year  will,  it  is 
estimated,  amonnt  to  abont  (48,0U0,  aanm  very  inadequate  to  the  needs 
of  the  service. 

It  does  not  include  the  expenditares  for  printing  tbe  labels  and  blanks 
and  proceedings  and  bulletins  of  tbe  Mnseum,  for  which  the  appropri- 
ation for  many  years  past  has  been  $10,000,  and  for  which  I  have  asked 
(15,000  for  the  coming  fiscal  year. 

I  mnst  not  omit  to  call  your  attention  to  tbe  fact  that,  owing  to  the 
peculiar  constitution  of  tbe  Museum  as  a  scientifioe8tablishment,itha8 
hitjierto  been  possible  to  secure  a  special  economy,  owing  to  tbe  &ct 
that  its  oCBcers  and  employes  are  not  scheduled  as  in  the  Executive  De- 
partments. 

In  thus  presenting,  in  obediencetotbereqnestof  the  Senate,  a  scbed- 
nle  of  a  durable  organization  of  the  service,  I  wish  to  remark,  emphati- 
cally, that  there  are  pressing  needs  in  other  directions — needs  that  merit 
the  serious  consideration  of  Congress,  in  order  that  the  National  Ma- 
senm  may  l>e  enabled  to  maintain  a  satisfactory  position  in  comparison 
with  those  of  European  nations. 

I  have  the  honor  to  be,  your  most  obedient  servant, 

8.  P.  Langley, 

Hod.  John  J.  Inqalls,  Secretary, 

President,  pro  tempore,  of  the  Senate. 


{Schedule  of  the  cUusijied  service  of  the  officers  and  employ^  of  the  United 
States  Ntitional  Mueeum,  arranged  according  to  duty  and  salary,  ai  re- 
quired for  theproper  working  of  the  Museum. 


charge  of  Nationitl  Mii- 


(□d  executiTe  officer 

iwr8,nt  12,400 

FivecumtorB,  at  (-J,  100 

Fiiiir  awiBtauC  curators,  at(l,l>00.. 
Four  awiBtant  curators,  at  |1,400.. 

Fouraids,  at  ll.aOO 

Six  aidB,  at|l,000 

Special  service  b;  o 


Clerical  ttoff. 


4,000.00 
3,000.00 
■J.  000. 00 

o,aoD.oo 

6,400.00 
ft,  600. 00 

4.eoo.oo 

C,  000.00 


3,200,00 


Chief  clerk 

Four  chiefl  of  ^ivIsioDB:  CorreBpoo donee;  transportatioii,  storage,  ai 

record;  pubticatioDsaDd  labelB;  inslallarion,  at  12,000 1        e,000.00 

One  ilisbureiiig  clerk* |         1,200.00 

'Tblsofllcerrec^lyes  pay  also  froifi  tbe  SmithBonian  Inatitution  forBintiUt  servicefl. 
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Seiedule  of  the  elmsified  service  of  the  officers  and  employ^  of  the  United 
States  National  Mueeum,  etc.  — CoDtianeil. 


Clerical  ttaff—ContlnaeA, 

One  clerk  of  claaa  4 

TKaoIerbsof  cUhsS 

Til re«  clerks  of  class  2 

Four  clerks  of  clua  1 

Fonr  copyists,  at  $900 

Faar  copTJBts,  at  $720 

8ii  copyists,  at  $600 

Tbree  copyists,  at  $480 


Preparattm. 

Photographer 

Anittant  photograpbor 

irtjrt 

Chief  tax idennist 

One  taiid«rmiat 

Two  taiidenniste,  at  $1,000 

Tvotaiiderrai8ts,at  $7^ 

One  modeller .' 

One  modeller 

One  general  prepatator 

Onegeoeral  preparator 

Speeial  serTice  bj  contract 


*  Bailiingi  and  labor. 

OoeiuperinteDdeDtof  bnitdiogs 

TaoseeistantBiipurinteudcDts,  at  $1,000 

Four  watchmen,  at  $780 

Twenty-four  watchiiieo  and  door-keepers,  at  (600 

TweliB  laborers.  at$4H0 

Three  attendants,  at  $480 

Ten  attendants  anil  rleitners,  ut  $JtiO 

special  service  of  laborers  and  cleaners,  to  be  paid  by  tbe  hour. 


ifccAsaics  {repairing  building*,  cata,  and  object*  in  lite  oolleetioni), 

Citri net-maker,  at|3.50  per  day 

Two  pointers,  at  $2.50  per  day 

Onetiaoer,  at  $3  per  day 

One  atone-cntter  and  mason,  at  $i!  per  dny 

Sii  skilled  laborers,  at  t^.50  per  day 

Sii  skilled  laborers,  at  $2  per  day 

Special  serrice  by  comtaot 


Fuinilure  andfxtaret. 
._r  of  property , 

OoBoopjiHt 

Oaeoopyiat 
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Schedule  of  the  classified  sereioe  of  the  officers  and  employes  of  the  Unitti 
States  National  Museum,  etc. — Ooutioued. 


Fumilure  andfixtHre* — Contioued. 

Oneoopfiat 

Ooe  oopjist 

SizcarpeDCetnandcabioet-iuakers,  at  93  per  day 

Three  palutera,  at  (2  per  day .. . 

Two  akilled  laborers,  at  13.50  pec  day 

Two  skilled  laborera,  at  1*^  per  day 

Three  taborers,  at  |t.60  per  day 

Special  service  by  contract .- 

Seating,  lightiag,  and  eleclrlcal  tervict. 

Engineer  

One  AMistant  euKiueer 

Sixflretuen,  attSOO 

Telephone  clerk 

Mttoellaneoui. 

One  draDghtamau 

Two  draagbtemeD,  at  $600 

Two  mesaenKers,  at  fGOO 

One  mesaenger 

Two  niessengera,  at  (4H0 

Two  messengers,  at  1360 

Fonr  messengers,  at  9!M0 


I,400.0D 
900.00 

3,000.00 
730.00 


1,900.00 

1,200.00 

1,000.00 

1,200.00 

540.00 

960.00 

720.00 

900.00 

7,980.00 


la  presentiug  these  scbedales  to  Congress  I  have  shown  what  would 
he  the  cost  of  the  a<ltniniBtratioa  of  the  Museum,  in  respect  to  salaries 
alone,  if  it  were  organized  after  the  manner  of  the  Executive  Depart- 
meuts  of  the  GoverDment. 

The  salary  list  alone  amounts  to  4199,121,  and  the  amount  expended 
in  the  previous  fiscal  year  for  other  i)nrpose8  was  445,000,  a  sum  which 
might  most  advantageously  be  doubled. 

I  am  not  prepari-d  at  present  to  rocomniend  the  adoption  of  such  a 
schedule  of  clarified  service,  siuee  I  am  of  the  opinion  that  the  Museum 
at  the  present  time  has  greater  need  of  money  to  be  used  in  the  acqui- 
sition of  new  material  by  purchase  and  exploration.  The  opportanities 
for  making  collections  are  yearly  growing  less,  and  many  things  which 
can  now  be  done  at  trifling  expense  will  in  a  few  years  be  imprac- 
ticable. 
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The  system  of  appropriation  for  specific  objects,  without  desigoatiDg 
the  number  of  employes  or  tlie  amounts  of  their  salaries,  bus  in  the 
past  been  found  to  be  economical  and  efficient,  and  although  the  neces- 
sity of  the  change  to  a  chissifieil  service  may  arise  at  some  later  time, 
1  trust  that  it  may  be  deferred  for  the  present. 

Tbe  amount  asked  for  in  the  estimates  for  the  fiscal  year  of  1S91-'9J, 
for  the  "  preservation  of  collections,"  is  intended  to  jirovide  for  a  certain 
amount  of  increase  of  tbe  collections,  and  also  to  provide  for  tbe  pay- 
ment of  certain  salaries. 

Intrease  of  the  collections. — At  the  close  of  the  fiscal  year  (Juue  30, 
1$89)  a  very  careful  estimate  shoned  that  the  collections  were  sixteen 
times  as  great  in  number  of  specimens  as  in  tbe  year  1882.  I  desire  to 
call  yonr  attention  especially  to  tbe  statements  bearing  upon  this  itoint. 

Tbe  Museum,  as  I  have  already  said,  is  growing  as  it  is  fitting  that 
tiie  National  Museum  of  a  great  country  should  grow,  and  it  is  not  only 
Decessarj'  to  care  for  what  is  already  here,  but  to  provide  for  the  recep- 
tion  and  display  of  tbe  great  collections  which  will  unquestionably  be 
received  in  the  immediate  future. 

Tbe  extent  and  character  of  tbe  accessions  during  the  year  is  shown 
to  tbe  appende<l  table,  from  which  it  appears  that  the  total  Dumber  of 
specimens  in  tbe  Museum  is  now  not  far  from  3,000,000 ; 
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StatUtiea  of  aoceuiona  to  National  Mmeum  CofUct%on»,  18S3  to  1885. 


Name  of  deputmeDt. 


Arts  and  ioduitries: 

Materia  Di«dic* 

Foods 

Textiles 

Fieberies 

Animal  prodn  eta 

Naval  aTcbil«otare 

Historical  rel  ioa 

CoiDS,  niedalB,  paper  monej,  etc  ■ . . 

Hasiol  JDBtrumeDtB 

Modem  pottery,  poroelain,  and  bionEes 

Painla  and  dyes 

"TbeCatlin  Qalier;" 

Pbydical  BpparatDB 

Oils  and  kdidb 

Chemical  prodacts...... ..... . 

Ethnology 

American  abarij;ionl  pottery 

Oriental  antiquities 

Prebiatorio  antliropolosy 

Mammals  (skins  and  atcohdlica) 

Birds 

BinWegics 

Reptiles  and  batracb ions 

Fislies 

Mollnsks 

losocto 

Marine  invertebrftt«s 


2.000 
5,000 
1,000 


HI,  781       »W,8S 


5.694 
50, 3M 
40, 073 
23,495 
68,000 
400.000 
«151,000 
''300,000 


Jateolof'y  . . 

Anatomy 

Palreozoio  fossils 

Ueeozoib  fossils 

Cenozoic  fossils . 

Fossil  plants 

Recent  plants 

HineralB . 

Litholojcy  and  physical  geolocy 

Metallaricf  and  economic  geology.. 
Living  animals 


3,5.16 


4,314 
3,000 
73,000 

100,000 

(luolodod  with  mollnska.) 
,1      4,tt24         •i.aoi 


3,640 

103 

20,000 


14,560 
14,500 
30,000 


Total 193,3fti      363,143  I  1,472.600 


>  IniilDclinc  paints,  plgnenti,  anil  o\'.».  * 

*  ProfMuwr  Rlley'n  callectton  DnmlKn  1S.000  ■pe^ 
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StatiMtict  ofacoeaMions  to  National  Museum  collectionB,  1886  to  1889. 


Name  of  department. 


1«I&-W.   I   l««-'87. 


Art*  and  indastriM: 

lUt«rui  medica 

foods  

Taitiles 

Fiiberies 

ADiDial  prodncta 

Nsial  arcbltMtnie 

Hitturical  reliea 

Comn,  m«dals,  paper  inonef,  c 

Uiuical  ioatmiDenta __. 

Modem  pottery,  porcelain,  aud 

P^taand  d;ea 

"Tbe  Catlia  Qallery  " 

Pbjucal  apparatus 

Oiuaod  gums 

Cbemtcal  prodncla 

EUinolugr 

Amerieaa  aborigioat  pottery 

Oiieata]  aDtiqnitieB 

Pnbiltoric  anthropology 

M»nini»la  (akinB  and  alcoholic*)  - 
Birdii 


Harioe  inTertebisIea  . . . 
ConiHratiTe  aoatoiD; ; 

Oiteology 

AnaMraiy 

Pibeoioio  ToMile 

M«»«oia  foMila 

CoKiioie  fosiU* 

Fiwjl  plants 

BMent  pit    ' 


7,451 
&5,tt45 
44,163 
25.344 
75,000 
•460,000 
•000,000 

•a5o,ooo  I 

I  10,210 
fl0,482  I 
69,742  . 


lOl.e 
7,811 

•48.173 
37. 542 
100,000 

■l'J.%000 
'.'185,000 
•ISO,  000 

'11,022 


1(18, 6:tl 

H.Ofrti 
56,484 
50,  U^ 
27,G«4 
101,350 
455.  OC 


HineraU 

I'tbologj  and  phyBioal  |:eoloey  . 
Mtlalloigy  aod  ecanomic  geology 
l^Ting  animaU 


•7,429  ' 
30.000  ' 
18,401  I 
20,647  I 
48,000  I 


S,462 
•33.000 
18,601 
♦21,500 


>H,990 
*427 


lie,  472 
a  275 
57,974 
50,173 
28.4(fi 
107,350 
468,000 
603,000 
515,300 


11,753 
91,12)1 


.   2.420,944  I  2,666,335 


■r«4>oair.  

■K*<atrwa  oT BUUrbl  racslred  dartos Ifae  \ rw    * InlnilliiK Ci 
"  kHtbaramdeoa  thaoaUlDgoa.  ?»— i— . « 


lulTenr  PntrcH 
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CiUalogue  entriet. — Tbe  number  of  entries  made  in  tbe  catalogaea  of 
the  various  departmeuts  in  tbe  MaseuDi  during  the  year  has  been 
23,171, 

The  registrar  states  that  16,625  boxes  and  packages*  bave  been  re- 
ceived dnring  tbe  year  and  entered  upon  the  transportation  records 
or  tbe  Smithsonian  Institution.  Of  this  number  2,183  contaioed  sped- 
mens  for  tbe  Mnsenm. 

PBIMOIPAI.  A0CBSSIOK8  TO  THE  COLLECTIONS. 

Among  tbe  collections  received  during  the  year,  those  from  tbe  U.S. 
Geological  Survey  and  the  Burean  of  Ethnology  are  especially  note- 
worthy. Tbe  material  transferred  by  tbe  U.  S.  Fish  Couimis^iou  to  the 
National  Haseam  included  two  very  valuable  collections  made  by  the 
steamer  Albatross  during  tbe  voyage  from  Washington  to  San  Fraa- 
cisco  aud  while  cruising  off  the  const  of  Alaska. 

The  accessions  received  during  the  year  from  general  sonrces  are 
fully  np  to  the  standanl  of  previous  years.  Among  the  most  important 
are  the  following : 

Hthnological. — Collections  from  Dr.  James  Grant  Bey,  of  Cairo,  Egypt, 
aud  from  Mr.  VV.  W.  Bockhill,  formerly  counected  with  the  Germin 
legation  in  Pekiii,  tbe  former  collection  from  Egvpt,  the  latter  illus- 
trative of  the  religious  practices,  occupations,  and  amusements  of  vari- 
ous peoples  in  different  parts  of  China,  Thibet,  and  Turkestan ;  a  col- 
lection of  oriental  seals  from  Mrs.  Anna  Randall  Diehl,  of  New  York 
City ;  casts  of  Assyrian  and  Egyptian  objects  obtained  by  Prof.  Paul 
Haupt,  of  Johns  Hopkins  0niveraity. 

The  valnable  co-operation  of  tbe  Barean  of  Ethnology  is  evidenced 
in  the  transmission  of  a  large  aud  interesting  collection  of  pottery, 
stone  implements,  woven  fabrics,  shells,  beans,  etc.,  collected  by  Major 
J.  W.  Powell,  Arthur  P.  Davis,  Gerard  Fowke,  Dr.  E.  Bobaii,  Dr.  H.  0. 
Yarrow,  James  Stevenson,  Dr.  J.  8.  Taylor,  C.  C.  Jones,  James  D.  Mid- 
dleton,OeDeralG.  P.Tbruston,  James  P.  Tilton,  H.  P.  Hamilton,  Victor 
Mindelefl;  B.  W.  Henshaw,  G.  H.  Hnribut,  W.  W.  Adams,  De  L.  W.  Gill, 
William  A.  Hakes,  W.  H.  Bolmes,  and  Clmrlos  L.  R.  Wheeler.  Thiscol- 
lection  waa  the  result  of  i>ersonal  research  in  the  following  localities: 
Meiico,  Pern,  New  Mexico,  Wisconsin,  California,  Arizona,  Alabama, 
Georgia,  Pennsylvauia,  Tennessee,  Massachusetts,  New  York,  and  Vir- 
ginia. 

ArchtBological. — Collection  of  aboriginal  pottery  from  Lake  Apopka, 
Florida,  contributed  by  Dr.  Featherstonehangh.and  acoUection  of  simi- 
lar material  ttom  Perdido  Bay,  Alabama,  presented  by  Mr.  F.  B.  Par- 
sons, of  tbe  U.  S.  Coast  and  Geodetic  Survey  ;  a  liirge  collection  of  pre- 
historic weapons  and  ornaments  from  graves  in  Corea,  presented  byUr. 

*Au  increftM  of  4/'^'^  uver  llic  uuuibvr  niceivud  liutt  year. 
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P.L.  Joay;  avalaable  collection  of  prehistoric  autiquities,  for  the  most 
part  from  the  Ohio  Kiver  Valley,  deposited  by  Mr.  Warrea  K.  Hoore- 
bead,  of  Xenia,  Ohio. 

MamntaU.—A  fall-growa  moose  collected  and  presented  by  Col.  Oecil 
Clay,  of  the  Department  of  Jastice;  a  l^esh  specimen  of  Sowerby's 
whale,  contribatod  by  Capt.  J.  L.  Oaekell,  keeper  of  the  United  States 
LiTe-Saving  Station  at  Atlantic  City;  a  skin  of  OvU  mumfiton,  a  skele- 
ton of  MoHoehut  albirenter,  and  several  European  bats,  received  from 
the  Boyal  Zoological  Masenm  at  Florence,  Italy ;  three  specimeoa  of 
American  elk  presented  by  Hon.  W.  F.  Cody ;  a  Rocky  Moantaia 
sheep,  contributed  by  Mr.  Qeorge  Bird  Qrinnell,  of  New  York. 

Birda  and  BirdiP  Egg$. — A  rare  collection  of  birds  from  the  fTa- 
tional  Museum  at  Costa  Rica;  a  valuable  collectiou  of  skins  from  the 
0I<1  World,  presented  by  Dr.  G.  Hart  Merriam,  of  the  Department  of 
Agriculture ;  a  collection  of  Japanese  birds,  purchased  from  Mr.  P.  L. 
Joay,  of  the  National  Museum  ;  bones  of  Pallas  cormorant,  collected 
at  the  Commander  Islands,  Kamtchatka,  by  Dr.  Leouhard  St^neger, 
of  the  National  Museum,  the  only  bones  of  this  bird  extant ;  a  collec- 
tion of  typical  Australian  binls  in  alchohol,  from  the  Australian  Mu- 
wnm,  Sydney,  New  South  Wales ;  an  interesting  collection  of  birds' 
tggs  and  nests,  presented  by  Mr.  Dennis  Gale,  of  Oold  Hill,  Colo.; 
eggs  of  CardeVina  rubrifroiUt  new  to  the  collection  and  to  science,  con- 
bibated  by  Mr.  William  W.  Price,  of  Tombstone,  Ariz. 

Fitkex. — Collections  of  fishes  from  the  Onlf  of  California,  transmitted 
by  Messrs.  O.  P.  Jenkins,  of  De  Pauw  University,  agd  B.  W,  Evermann, 
of  the  State  Normal  School  at  Terre  Haute,  Ind. ;  a  collection  of  fishes 
from  New  Zealand,  seu  t  in  exchange  from  the  Otago  University  Museum, 
at  Daiiedin,  New  Zealand. 

Molltuikt. — A  valuable  collection  of  marine  and  terrestrial  shells  pre- 
senW  by  Messrs.  F.  B.  and  J.  D.  McGuire,or  Wasbiugton. 

Inuett. — A  large  series  of  insects  purchased  fh>m  Dr.  Taylor  Town- 
•eod  by  the  Department  of  Agriculture  and  transferred  to  the  museum ; 
an  extensive  series  of  dried  Coleoptera  presented  by  Mr.  G.  W.  J.  Augell, 
of  New  York. 

Marine  IneerM>rates. — A  collection  of  crnetaceans  from  Japan,  ob 
tained  by  Mr.  Romyo  Hitehcock,  of  the  National  Mnsonm  ;  specimens 
of  marine  invertebrates  collected  by  Lieut.  J.  F.  Maser,  of  the  U.  8. 
Coast  and  Geodetic  Survey,  at  Cape  Sable,  Florida.  (  \)()<jlt' 
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FoisiU. — A  collection  of  cretaceous  fossils  preseutcd  by  President 
D&vid  S.  Jordan,  of  Indiana  State  Univenity ;  a  large  series  of  Lower 
Cambrian  fossils  from  Conception  Bay,  Newfonudland,  ioclading  the 
types  of  tbirteea  species,  collected  and  transferred  to  tlie  Musenm  by 
Mr.  C.  D.  Waleott,  of  the  tJ.  S.  Geological  anrvey, 

botany. — Herbarium  specimens  flrom  Dr.  Ferdinand  von  Miiller,  of 
Melbourne,  Australia;  a  series  of  speoimeDS  of  algae  ftom  tbe  New 
England  coast,  presented  by  Mr.  F.  S.  Collins,  of  Maldeu,  Maas.;  agat- 
ized  wood  from  the  Drake  Maunfacturiug  Company,  Sioux  Falls,  Dak.; 
fossil  leaves  from  Coustantine  von  Ettingsbausen,  of  tbe  Uuiversity  of 
Gratz,  Austria- Hungary. 

Oeology. — Specimens  of  ancient  and  modern  marbles  from  Europe 
and  Africa  received  in  exchange  from  tbe  Musenm  of  Natural  History 
in  Paris;  a  series  of  metamorphic  and  eruptive  rocks,  presented  by 
Prof.  O.  A.  Derby,  of  tbe  National  Museaui  of  Brazil ;  a  col  lection  of 
minerals  consisting  of  nearly  1,400  specimens,  and  obtained  by  Prof. 
8.  L.  Penfleld,  of  the  U.  S.  Geological  Survey,  ia  Sc  Lawrence  County, 
N.  Y.;  a  simdar  collection  gathered  by  Mr.  W.  F.  Hillebraud,  of  the 
U.  S.  Geological  Survey,  in  Colorado,  Utah,  New  Mexico,  and  Arizonaj 
a  series  of  petroleums  and  related  material  collected  by  Prof.  S.  F. 
Peckhaia,  of  Providence,  B.  I.,  in  connection  with  bis  work  for  the 
Tenth  Census. 

Mwellaneova. — The  following  specially  important  collections  have 
also  been  added  to  tbe  collections  during  the  year:  A  collection  of 
dmgR,  from  Dr.  J.  W.  Jeirett,  examiner  of  drugs,  custoib-bouse,  New 
York  City,  and  a  collection  of  Bimilur  material  transmitted  by  the  royal 
gardens  at  Kew;  a  valuable  collection  of  pholo-mecbanical  process  work 
presented  by  Prof.  Charles  F.  Chandler,  of  Columbia  College,  New  York; 
General  Washington's  loilet-tiiblc  deiiosited  by  Mrs.  Thomas  C.  Cox, 
of  Washington ;  account-book  l>clougiug  to  General  Washington,  t«- 
getlier  with  a  number  of  engravings  and  other  personal  property  of 
General  Washington,  deposited  by  Mr,  Lawrence  Washington,  of 
Tirgini^  an  interesting  collection  of  coins,  including  specimens  of  tbe 
*' hook  money  "  and  other  coins  of  the  native  princes  of  India,  ftxtm 
Hon.  W.  T.  Rice,  United  States  consul  at  Horgen,  Switzerland ;  a  model 
of  tbe  locomotive  "Old  ironsides,"  built  by  Matthias  Baldwin  in  1832, 
and  presentetf  by  tbe  Baldwin  Locomotive  Works;  a  model  of  Trevi- 
thick's  locomotive,  built  in  1801  by  Mr.  D.  Ballauf,  from  drawings 
lent  to  the  Museum ;  a  stereoscope  with  examples  of  tbe  daguerreotype 
process,  and  the  old  albumen  process  on  glass  received  fivm  Mrs.  B.  J. 
Stone,  of  Wiisbingtou ;  a  valuable  series  of  prints  in  carbon  and  other 
processes  preseutcd  by  Mr.  J.  W.  Osburue,  of  Washington.    Some  of 

;, Cookie 
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the  moBt  valuable  twllectious  received  duriDg  Itio  year  were  obtained 
through  tbe  co-operation  of  Oovernment  officials,  aud  are  referred  to  at 
leDgth  in  tfae  report  od  tbe  Museum  for  tbis  year. 

Co-operation  of  Departments  and  Bureaus  of  tke  Oavemment. — Tbe  Mu- 
seum has  received,  aa  in  past  year»,  mauy  valuable  contributions  from 
ODJtml  State  c4)uiiqIs,  officers  of  the  Army  and  tlie  Kavy,  and  through 
the  co-operation  of  tbe  Departmeote  aud  Bureaus  of  the  Government. 

Through  the  courtesy  of  tbe  Department  of  State  tbe  work  of  col- 
lectors in  foreign  countries  has  been  greatly  facilitated.  Tbe  Secretary 
of  the  Treasury  has  issueil  several  permits  for  the  free  entry  of  Musenm 
material. 

The  Secretary  of  Agriculture  has  expressed  bis  willingness  to  co- 
o;«rate  with  tfae  National  Museum  in  tbe  matter  of  making  a  forestry 
exhibit,  and  Br.  B.  E.  Fernow  has  been  appointed  houorary  curator  of 
the  coUectioD. 

By  direction  of  the  Postmaeter-Geoeral  tbe  Superiutendent  of  the 
Dead  Letter  Ufllce  has  been  instructed  to  iufurm  the  Museum  of  the 
receipt  in  his  office  of  specimens  which  might  be  of  valu^  for  addition 
to  the  collections. 

The  Superiutendent  of  the  Coast  and  Geodetic  Survey  has,  aa  in  pre- 
TioDs  years,  aided  oar  work  in  many  ways. 

Pkolographie  exhibit. — A  collection  intended  to  show  tbe  uses  of 
pbotogra])by  was  prepared  by  Mr.  T.  W.  Sinillie,  of  tbe  Katioual  Ma- 
seam,  for  exhibition  at  the  Cincinnati  Exposition,  This  collection  in- 
eladed  valuable  contributions  of  photographs  from  Prof.  E.  C.  Picker- 
ing, of  Harvard  University,  Mr.  J.  W.  Osborue,  of  Washington,  and 
from  several  officers  connected  with  tbe  Government  service,  notably 
Ihe  Light-House  Board,  tbe  Army  Medical  Museum,  aud  the  proving 
ground  at  Annapolis.  At  tbe  close  of  the  Exposition  this  collection 
was  retamed  to  tbe  Musoam,  and  is  now  being  prepared,  in  connection 
vith  additional  material  which  has  since  been  received,  for  permanent 
exhibition.  It  is  intended  that  the  scoi)e  of  this  exhibit  shall  be  en- 
Urged  so  as  to  take  the  form  of  a  historical  collection  in  which  shall 
he  shown  examples  of  every  photographic  process  that  bas  been  in- 
seated,  together  with  the  appliauces  used,  begtnuing  with  the  photo- 
graph of  the  solar  s|>ectrum  as  made  by  Stieele  in  1777.  Considerable 
material  has  been  already  gathered  which  will  be  incorporated  in  this 
wllection.  The  first  camera  uiade  in  tbe  United  States  has  been  ac- 
•inired  by  pnrcbase.  A  stereoscope  containing  daguerreotypes  and 
transparencies  by  tbe  old  albumen  process  on  glass  bas  been  presented 
by  Mrs.  E.  J.  Stone.  The  Scoville  Manufacturing  Compauy  of  New 
York  has  presented  a  series  of  cameras  showing  the  latest  iniprove- 
menls,  and  from  the  Eastman  Dry  Plate  Company,  of  Bochestec,  S.  V., 
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hns  been  received  a  Kodak  camera,  together  with  a  Beriea  of  eularged 
pbotographa  illaatratiDg  ite  nse. 

JHstribution  o/duplicate  specimens. — Duplicate  speciineDB,  totfaennm- 
Dor  of  11,383,  were  distributed  during  the  yeiir  among  muaeams.colIegeB, 
aud  individuals.  The  following  table  shows  the  character  and  extentof 
these  distribatioDB : 


NttluroufspeciiiK 

iN<1i«triliiitod. 

Number  uf 
apeciueDs. 

2,07! 

MlDerals 

Metallurgy 



The  decrease  in  the  number  of  specimens  tbos  given  away,  as  com- 
pared with  last  year,  is  accounted  for  by  the  fact  that  only  2,072  speci- 
mens of  marine  invertebrates  have  been  distributed  this  year,  while 
last  year  24,750  specimens  of  this  class  were  presented  to  applicants. 
Eliminating  this  class  of  specimens,  the  number  distribnted  this  yenria 
doable  that  of  last  year.  The  number  of  requests  for  dnplicatesiteciracns 
increase  yearly.  It  is  hoped  that  in  the  future  it  may  be  possible  for  the 
Museum  to  extend  its  usefulness  iu  this  important  part  of  the  work. 
The  material  now  available  tor  distributi  on  is  quite  intideqnate  to  supply 
the  demand.  The  curators  of  mineralogy  and  of  geology  obtained  a  large 
quantity  of  material  during  the  past  summer  for  this  special  purpose. 
As  soon  as  it  has  been  classi6cd  and  arranged  into  set«,  an  endeavor 
will  be  made  to  fill  the  many  applications  for  mincralogtcal  and  litho- 
logical  material  now  awaiting  action.  The  matter  of  making  up  sets  of 
duplicate  bird-skins  is  now  receiving  careful  attention,  there  being 
much  of  such  material  available  for  distribution. 


iafccb.— During  the  year,  3,991  labels  were  printed,  chiefly  for  n 
the  departmepts  of  luetallargy,  materia  medica,  and  bir^s, 
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AceetsioHa  to  the  library, — Tlie  uiiiiilier  «f  piiblicjitiouB  ndded  to  tbe 
librar;  during  tbe  year  ia  6,053,  of  nhiob  CIS  are  volumes  of  more  than 
100  pages,  903  are  pamphlets,  4,3^3  are  partH  of  regnlar  serial-',  and  158 
vbarts.  Tbe  most  importaut  accession  was  the  K'ft  by  tbe  beira  of  the 
late  Dr.  Isaac  Lea,  eoiisistiiig  of  137  volumes,  276  "  parts,"  and  093 
pamphlets,  ami  iududiiig  a  nearly  complete  aerias  of  the  "  Proceedings 
of  the  Zoological  Society  of  London."  There  are  now  Qiuet«eii  sectional 
libraries  attached  to  the  several  curatorsbips  in  the  Musenm. 

PublicatUma  o/Ihe  Muneam. — The  issue  of  Museum  pablications  during 
the  year  has  been  nnusually  small,  oving  to  tbe  pressure  of  Conjpres- 
sional  worb  at  the  Printing  Office  during  the  long  Congressional  session 
of  18S8,  which  caused  tbe  Mnseum  work  to  Tw  set  aside.  A  number  of 
special  publications  are  partially  completed,  and  will  be  issued  soon 
after  tbe  beginniug  of  tbe  next  fiscal  year. 

During  the  year  volume  10  of  Proceedings  of  the  F.  S.  National 
Mnseom  (1887)  was  Issued.  This  contains  viii  +  771  pages  and  39 
plat«8.  It  includes  78  )>ai)ers  by  26  authors,  10  of  whom  are  officers  of 
theMuseum.  Nearly  three-fourths  of  the  papers  relate  to  birds  and 
fisbes.  In  tbe  appendix  is  printeil  acatalogue  of  tbe  exhibit  prepared 
bj  Mr.  S.  B.  Koehler,  in  charge  of  the  section  of  graphic  arts,  for  the 
Ohio  Valley  Centeuial  Exposition.  Special  papers  were  prepared  by 
tbe  carators  of  several  departmeuts,  in  connectiou  with  the  exhibits  for 
this  exposition,  which  will  be  reprinted  in  Section  III  of  the  Masenm 
report  for  the  present  year. 

Bulletin  33  of  the  Unite4l  States  National  Mnseom,  "A  catalogue  of 
minerals  anil  their  synomyms  alphabetically  arranged  for  tbe  use  of 
DtDseums'^by  Prof.  T.  Egleston,  Ph.  D.,of  Columbia  College,  was  issued 
io  Hay,  This  volume  contains  a  complete  catalogue  of  the  names  of 
minerals  and  their  synonyms,  and  will  be  of  much  value  to  students 
of  mineralogy  and  others  interested  in  this  science. 

Tbe  assistant  secretary  in  charge  of  the  Museum  has  submitted  a 
statement  reviewing  the  history  of  the  ptibiications  of  the  Museum,  and 
making  certain  suggestions  with  a  view  to  increasing  the  extent  of  the 
editions  and  to  the  establishment  of  a  systematic  method  of  distribu- 
tioa.  From  this  statement  I  quote  the  following  remarks  and  reeom- 
■Deodations  relating  to  the  Proceedings  and  Bulletin : 

"The  Proceedings  was  established  for  the  purpose  of  securing  prompt 
pablication  of  the  discoveries  in  the  Museum.  In  order  to  secure  this 
object  the  pnutiug  has  been  done,  signature  by  signature,  as  fast  as  mat- 
ter was  prepared.  A  certain  numberof  signatures  has  always  been  dis- 
tributed, as  soon  as  published,  to  scientific  institutions  and  specialists. 
Tlienumberofsetsof  signatures  thus  distributed  has  been  in  the  ueigh- 
borhood  of  200. 

'-  Tbis  method  of  publication  has  seemed  to  be  to  some  extent  waete- 
fal,  and  it  is  thought  that  equally  good  results  may  be  secured  by  dis- 
tribnting  a  certain  number  of  the  advance  copies  in  tbe  form  of  aatbors' 
extras,    Jn  making  arrangements  for  the  printing  of  Yolam?  XII  ,i( 
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vaa  decided  tbat  out  of  the  edition  of  1,200  copies,  100  should  be  de- 
livered in  Bignaturea  as  fast  as  priuted,  aud  300  iu  extras  or  repriote, 
Id  paper  covers,  of  which  50  are  to  be  given  to  the  anthors  and  the 
remainder  distribated  to  specialists  in  tbe  various  departments  to  which 
the  papers  relate,  who  are  not  otherwise  provided  with  the  publica- 
tion; while  the  800  remaining  volumcfi  are  to  be  bound  previoas  to  dis- 
tribution. 

"  In  special  instances,  where  a  given  paper  in  the  Proceedings  is  be- 
lieved to  possess  great  general  interest,  it  has  been  castoinarv  to  print 
a  considerable  unmber  of  extra  copies. 

"  The  publication  of  the  Proceedings  and  tbe  Bulletin  was  at  first 
paid  for  from  the  priutiug  fund  of  the  Interior  Department,  with  which 
tbe  Museum  was  at  that  time  in  close  relations  in  respect  to  financial 
matters.  Subsequently  it  was  paid  for  from  the  fund  for  the  printing 
of  Museum  labels,  estimates  for  which  were  aiiimnlly  submitted  by  tbe 
Secretary  of  tbe  Institution.  Tbe  amount  asked  for  was  usually  (10,000. 
In  tbe  Book  of  Estimates  the  Museum  appeared  as  asliing  a  certain  sum 
for  printing,  though  the  money  was  actually  included  in  the  .gross  sam 
allotted  to  the  Interior  Dei>artment  as  a  printing  fund. 

"  In  1S82,  a  separate  appropriation  was  made  for  tbe  first  time,  iu 
these  words:  'For  the  National  Museum,  for  printing  latM>ls  and  blanks 
and  for  the  Bulletins  aud  annual  volumes  of  the  Proceedings  of  tbe 
Museum,  ten  thousand  dollarc' 

"  In  1888  tbe  appropriation  for  the  fiscal  year  1888-9  was  made  in  the 
same  words,  but  was  not  inclnded,  as  heretofore,  in  the  appropriations 
for  the  Department  of  the  Interior. 

"  The  edition  of  the  earlier  volumes  of  the  Proceedings  and  Bulletins 
was  usually  only  1,001),  of  which  a puitiou  was  distributed  by  the  De- 
partment of  tbe  Interior  and  a  portion  by  the  Mtiseum.  The  number 
received  by  the  Museum  being  sometimes  500  and  sometimes  as  few  as 
aSO.  Tbe  edition  placed  at  the  disposal  of  the  Museum  being  so  small, 
aud  withal  so  uncertain  as  to  extent,  tbe  distribution  was  always  of 
necessity  informal,  and  no  effort  was  made  to  supply  a  regular  list 
of  institutions  and  specialists.  A  considerable  number  was  expended 
in  the  work  of  the  Museum,  and  the  remHinder  were  sent  to  corres- 
pondents of  the  Museum  iu  exchange  for  publications,  for  specimens, 
and  inci<leutally  to  such  institutions  as  might  apply  for  copies,  aa  well 
as  to  individnals,  especially  students  who  made  it  evident  that  tbey 
were  in  a  position  to  make  good  use  of  the  books. 

'*  Formal  publication  was  undertaken  by  tbe  Smithsonian  Institution, 
it  being  tbe  intention  tbat  the  first  cost  of  composition  and electroty  ping 
having  been  provided  for  by  the  special  Congressional  appropriation, 
the  Smithsonian  Institution  should  avail  itself  of  the  electrotype  plates 
and  use  them  in  making  up  certain  volumes  of  tbe  Miscellaneous  Col- 
lections. The  papers  published  in  the  Proceedings  aud  Bulletins  of 
the  Museum  were  of  precisely  tbe  same  character  which,  since  lt(62, 
had  made  up  the  great  majority  of  the  most  important  papers  iu 
the  Miscellaneous  Collections.  The  Institution  undertook  to  print 
an  etiition  of  1,200  copies  in  the  form  of  volumes  of  the  Miscellaneous 
Collections  and  to  distribute  them  to  tbe  principal  libraries  of  tbe 
world.  This  was,  at  the  tim4',  regarded  as  advantageous,  since  the 
cost  of  composition  and  eloctrotyping  made  up  at  least  two-thirds  of 
the  cost  of  the  edition  of  1,200,  while  the  miscellaneous  distribution, 
for  which  the  Institution,  in  the  case  of  similar  publications  printed 
at  its  own  expense,  bml  been  accustomed  to  provide,  was  uow  already 
nrnuif^ed  for  out  of  tbe  preliminary  issue  of  several  hundred  copies 
paid  tor  from  the  Museum  fund. 
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"The  first  foarToIames  of  the  ProceedinfTs  and  tlie  first  sixteen  Dom- 
bers  of  tbe  Bulletin  were  published  in  this  maouer. 

"Since  1883  no  publication  of  the  Bulletins  has  been  made,  and  none 
baa  beeu  made  io  the  case  of  tbe  Proceedings  since  1882. 

"There  remain  unpublished  eleven  volumes  of  the  Proceedings  and 
twenty-one  numbers  of  the  Bnlletin — in  all,  enough  to  make  ten  thick 
volumes  of  the  Miscellaneous  Gollectious.  Possibly,  by  condensation 
an<l  oinisdious,  the  number  might  be  reduced  to  nine  volumes.  If  the 
limitation  were  to  undertake  to  print  the  edition  of  1,000  now  cus- 
tomary in  the  case  of  the  Miscellaneous  Collections,  the  cost  would  be 
not  less  than  $9,000.  The  same  amount  expended  by  the  Institution  in 
printing  fresh  matter  would  probably  not  produce  more  than  one  and 
one  half  volumes,  or  at  most  two  volumes,  of  Miscellaneous  Collections. 

"Tlie  Institution  is  possibly  under  obligations  to  provide  for  the  pub- 
lication of  these  papers,  since  in  the  advertisement  to  each  volume  of 
[be  Bulletin  as  late  as  18ST  (Bulletin  33)  appears  the  statement  that 
'from  time  to  time  tbe  publications  of  the  Mnseum  which  have  beeu 
issaed  separately  are  combined  together  and  issued  as  volumes  of  the 
Miscellaneous  Collections.' 

"As  a  matter  of  fact,  however,  tbe  publication  of  an  edition  of  1,000 
cojiies  by  the  Smithsonian  Institution  would  not  really  meet  the  ueces- 
aities  of  the  case,  since  it  would  leave  uusupplied  a  very  large  number 
ol  libraries  quite  as  deserving  as  those  already  on  the  distributiou 

llBf." 

It  seems,  in  view  of  all  these  facts,  that  it  is  not  desirable  that 
the  Institution  should  undertake  hereafter  tbe  publication  of  the  Mu- 
Keain  Bulletin  and  Proceedings,  since  it  is  evident  that  these  will  in- 
crease in  bulk  f^m  year  to  year,  and  that  the  demand  upon  the  losti- 
intioQ  would  very  soou  become  too  burdensome.  Dr.  Goodo  suggests 
that  Congress  be  requested  to  increase  the  appropriation  for  the  Mn- 
seam  printing  to  918,000  in  order  that  an  edition  of  2,000  copies  may  be 
printed  in  addition  to  the  customary  number.  If  this  arrangement 
sbonld  be  carried  out,  the  Smithsonian  Institution  would  be  relieved  of 
the  responsibility  of  providing  for  the  publicatiou  of  these  documents. 
Tbe  issue  of  the  enlarged  edition  would  commence  with  volume  13  of 
tbe  Proceedings  and  with  Bulletin  40  or  41.  In  considering  the  question 
of  publishing  back  volumes  of  the  Proceedings  andBulletin,  Br.  Goode 
remarks: 

"  When  we  come  to  the  question  of  the  publication  of  the  back  toI- 
Qines,  volumes  1  to  4  of  the  Proceedings  and  Bnlletins  1  to  16  may  be 
regarded  as  pvblitked,  although  not  to  the  extent  to  which  it  would  seem 
desirable  in  the  way  of  snpplying  local  institutions.  Of  the  following, 
ve  have  in  hand  enough  to  make  a  very  fair  distribution,  viz:  Proceed- 
ingB,  volumes  10  and  11  and  Bulletins  Ko.  33  to  37.  Of  volumes  5  to  9 
of  Proceedings  and  of  Bulletins  17  to  32,  however,  no  systematic  publi- 
cation can  be  made  without  tbe  priutiugof  an  additional  number  of 


Studntt. — la  accordance  with  the  policy  of  past  years,  free  access  to 
the  collections  has  been  granted  to  students  in  tbe  Tarioos  branches  of 
H.  Mis.  224 i 
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Dfttaral  history,  and  in  mauy  instances  specimens  have  been  lent  to 
specialists  for  comparison  and  stady.  Inetrnction  iu  taxidermy  has 
been  given  to  several  applicantn.  Two  of  these  intend  to  apply  the 
knowledge  tbns  acquired  in  maiiiug  collections  for  the  Museum,  namely, 
Lieut.  E.  H.  Taunt,  United  Stiites  consular  agent  to  the  Congo,  and 
Mr.  Harry  Perry,  who  expects  to  spend  several  years  in  Hondnras. 
Mr.  T.  W.  Smillie  has  given  instruction  in  photography  to  the  follow- 
ing persons :  Lieut.  E.  H.  Taunt,  Sdr.  W.  H.  Perry,  Mr.  Barton  Bean, 
Mr.  Howard,  Prof.  Daish,  and  Miss  Frances  B.  Johnston. 

^lecial  reaearchei. — The  special  researches  of  the  curators  are  re- 
ferred to  at  length  in  the  report  of  the  National  Museum.  I  may 
say,  in  this  connection,  that  the  time  which  those  officers  are  able  to 
devote  to  work  of  this  kind  is  very  limited,  owiug  to  the  large  amount 
of  mechanical  and  routine  work  to  which,  in  the  absence  of  neceesaiy 
assistance,  it  is  necessary  for  them  to  give  their  personal  attention. 

Meetings  and  lectures. — ^Tbe  use  of  the  lecture  ball  has  been  granted 
for  lectures  and  meetings  of  scientific  societies,  as  follows:  The  Na- 
tional Dental  Association  met  on  July  21,  25,  and  26.  On  the  evening 
of  September  20  was  held  one  of  the  meetings  of  the  Medical  Congress. 
The  American  Ornithologists'  Union  held  its  sixth  congress  on  Novem- 
ber 13, 11,  and  15.  A  meeting  of  the  Department  of  Superintendence 
of  the  National  Educational  Association  was  held  on  March  G,  7,  and  8. 
The  National  Academy  of  Sciences  held  its  meetings  on  April  JC,  17, 
and  18.  The  Council  of  the  American  Geological  Society  and  the  Ameri- 
can Committee  of  the  International  Geological  Congress  held  boainess 
meetings  on  April  13.  The  Anierieau  Historical  Association  held  its 
fifth  meeting  in  Washington  during  Christmas  week ;  the  evening  ses- 
sions being  held  at  the  Columbia  University,  the  morning  sessions  at 
the  Musenm. 

In  the  Toner  course  Dr.  Harrison  Allen  delivered  a  lecture  on  May 
29  entitled  >'Clinieal  Study  of  the  Skull  undertaken  in  connection  with 
the  Morbid  Condition  of  the  Jaws  and  Nasal  Chambers." 

Tbe  usual  course  of  Saturday  lectures,  ten  in  number,  beginmng 
March  9  and  ending  May  11,  was  delivered  under  the  direction  of  the 
oint  committee  of  the  scientific  societies  of  Washington. 

The  usual  courtesies  have  been  extended  to  museums  and  other  pub- 
lic institulioiis  by  the  gift  and  loan  of  drawings  and  photographs  of 
specimens  and  copies  of  Museum  labels. 

Viailors. — Thennmber  of  visitors  to  the  Museum  building  is  constantly 
increasing.  The  register  shows  that  a  total  number  of  374,843  persons 
visited  tbe  Museum  during  the  year.  This  exceeds  the  number  for  last 
year  by  125,818,  and  shows  an  increase  of  more  than  50  per  cent  The 
visitors  to  the  Smithsonian  building  numl>ercd  149,618,  an  inoreaseof 
46,177  over  last  year.    On  March  5,  owing  to  the  crowds  of  visitore  to 
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tbe  city  attendiDg  the  loaDgaratioD  cermonies,  no  less  than  86,107  per- 
BODB  visited  the  Smithaoaian  and  Maaeum  baildiugs. 

Pertonnel. — Daring  the  year  a  department  of  forestry  has  been  estab- 
lished, and  with  the  consent  of  the  Secretary  of  Agriculture,  Dr.  B.  E. 
Femow,  chief  of  the  forestry  division  of  the  Department  of  Agricaltore, 
bas  been  appointed  its  curator. 

Dr.  George  Vasey,  of  the  Department  of  Agricnltare,  has  been  ap- 
pointed curator  of  botany,  and  in  that  capacity  controls  the  botanical 
collections  in  the  ITatioual  Museum  and  in  the  Department  of  Agri- 
caltore. Prof.  Paul  Hanpt,  curator  of  Oriental  antiquities  in  the  Na- 
tional Iffnsenm,  was  desigDSted  as  tbe  representative  of  tbe  Smitbsoaian 
loslitotiou  at  tbe  Eighth  International  Congress  of  Orientalists,  to  meet 
ia  Stockholm  and  Christiania  in  September.  Prof.  Otis  T,  Mason  was 
iastructed  to  proceed  to  Europe  to  visit  tbe  principal  ethnological  mn- 
seams  of  France,  Germany,  Denmark,  and  England,  for  tbe  purpose  of 
mt^Dg  arraugements  for  the  increase  of  the  collections  at  tbe  U.  S. 
liational  Museum,  and  incidentally,  tbrongh  tbe  study  of  methods  of 
ingtaLation,  of  providing  for  the  more  effectual  preservation  and  utiliza- 
tion of  these  collections.  Mr.  Thomas  Wilson  was  directed  to  proceed  to 
Europe  to  visit  tbe  principal  museums  of  France,  England,  and  Dublin 
for  the  purpose  of  studying  tbe  methods  of  installation  employed  by 
the  Eoropean  musenms. 

On  August  13,  Mr.  Silas  Stearns,  of  Pensaeola,  Fla.,  who  for  many 
feus  has  been  a  correspondent  of  tbe  Smithsonian  Institution,  and  has 
made  imporuint  eollectious  of  fishes  in  the  Oulf  of  Mexico,  died  at 
Abbeville,  N.  0. 

Explorations. — During  the  summer  of  1888,  Mr.  George  P.  Merrill, 
cQiator  of  geology,  made  a  collecting  trip  to  North  Carolina,  Penusyl- 
Tuiia,  New  York,  Vermont,  New  Hampshire,  Massachusetts, and  Maine. 
Lai^e  collections  of  rocks  were  obtained  for  the  Museum.  Mr.  Thomas 
Wilson,  carator  of  prehistoric  anthropology,  visited  monuda  in  Ohio, 
and  made  interesting  collections.  Ensign  W.  L.  Boward,  U.  8.  Navy, 
vho,  acting  ander  orders  from  the  Navy  Department,  sailed  for  Eotze- 
bae  Sound  in  May  last,  ia  making  collectiona  in  Alaska  for  the  National 
Hoseuii].  Prof.  O.  P.  Jenkins,  of  De  Panw  University,  Indiana,  ia  vis- 
iting the  Hawaiian  Islands  for  the  purpose  of  collecting  fishes.  A  series 
of  his  specimens  has  been  promised  for  the  National  Museum.  In 
Anpret  Dr.  W.  F.  Hillebrand,  of  the  U.  S.  Qeoglogical  Survey,  visited 
wme  of  the  Western  States  and  Territoriea  partly  with  a  view  to 
Dialling  collections  of  minerals.  These  will  eventually  be  incorporated 
with  the  Husenm  collections. 

Cntennial  Exposition  of  the  Ohio  Valley  and  Central  States.-— Th6  act 
of  Gongress  directing  tbe  Executive  Departments  of  tbe  Government, 
the  Department  ofAgricultaie^aod  the  Smithsonian  Institution  (Inciod- 
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ingtbe National  Museain and  tlieU.  8. CommisaioD of  Fisb and  Fisheiies] 
to  participate  in  the  Centennial  Espositmn  of  the  Ohio  Valley  and 
Central  States,  to  be  held  in  Ginciniiati  trom  Jnly  4  to  October  27, 1388, 
passed  both  bonses  of  CongresB  and  received  the  approval  of  tbe  Presi- 
dent on  May  28.  In  addition  to  this,  a  joiot  resolntion  was  adopted 
in  which  the  true  intent  of  tbe  act  was  declared,  with  a  view  to  cor- 
recfiog  certain  misapprehensions  which  had  arisen  in  regard  to  tiie 
objects  for  which  the  money  appropriated  by  Congress  in  connection 
with  this  exhibition  could  be  legally  expended.  This  joint  resolntion 
was  approved  by  the  Prettident  on  July  16.  A  copy  of  the  act  and  of 
tbe  joint  resolution  will  be  found  in  tbe  report  of  the  assistant  secre- 
tary  for  1889,  wherein  is  also  published  a  full  account  of  theesbibit 
prepared  under  the  direction  of  tbe  Smithsonian  Institution  in  accord- 
ance with  tbe  terms  of  tbe  act  referred  to.  Of  tbe  $50,000  appropriated 
for  tbe  Smithsonian  Institution  $10,000  was  Bet  apart  for  the  D.  S. 
Fisb  Commission.  About  42,000  square  feet  of  exhibition  space  wore 
reserved  for  the  Government  exhibits,  12,000  square  feet  being  devoted 
to  that  of  the  Smithsonian  Institution.  The  assistant  secretary  was 
on  May  29  appointed  representative  of  the  Smithsonian  Institution, 
and  active  operations  for  tbe  preparation  of  a  creditable  display  were 
immediately  commenced.  It  was  unfortunate  that  only  a  little  more 
tban  a  month  intervened  between  the  passage  of  tbe  act  and  tbe  open- 
ing of  tbe  exhibition.  The  Smithsonian  lustitutiou  has,  however,  had 
a  varied  experience  in  preparing  exhibits  at  a  short  notice.  The  first 
car-load  of  exhibits  left  for  Cincinnati  on  June  22,  and  the  last  of  the 
twelve  car-loads  which  were  sent  was  shipped  on  July  12,  The  follow- 
ing departments  of  the  National  Museum  were  represented  at  the  exhi- 
bition, the  number  of  sqnare  feet  assigned  to  each  being  also  given : 


teot. 


Prehistoric  anthropology 

Etbnology 

Biblical  arch(Dolo{;v 

Tranaportatioa  ana  ODgiueoriDg  -. 
Naval  arohitoctnre 

Pliotograpfaf 

Maoimals  (Bjistematic  exhibil) ... 
"        (e storm iuati on  niTiun)  . 

Birdi 

Insects  

Mollnsks 

Marino  JDTertelirateB . 

Botany 

Mineralog; 

Total 


n,g,t,7l.dM,COOglC 
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In  addition  to  this  a  special  exhibit  was  prepared  by  the  Boteaa  of 
Bthnolog;,  Uaj.  J.  W.  Powell,  Director,  to  which  1,425  sqaare  feet  were 
assigaed.    The  total  number  of  viaitors  to  the  ezhibitioR  was  1,055^6. 

Dr.  Goode  was  nuable,  on  acconn  t  of  other  doties,  to  persooally  attend 
the  exhibition,  and  Hr.  B.  E.  Eatll  was  placed  in  charge  of  the  exhibit. 

Considerable  difficolty  was  experienced  in  connection  with  the  ex- 
penditure of  the  funds  appropriated  by  Congress  for  the  work  of  pre- 
piriDg  exhibits,  owing  to  the  decisions  of  the  special  auditor  appointed 
to  aadit  the  exposition  accoDOts.  His  objections  were  in  every  iostaooe 
finally  withdrawn,  and  all  vouchers  have  now,  after  protracted  delays, 
been  approved  by  that  ofiQcial.  An  extraordioary  Dumber  of  points  of 
a  trivia]  nature  were  raised,  which  necessitated  the  writing  of  as  nomer- 
008  letters  to  answer  questions  which  bad  not  pievionsly  been  nnder- 
stood  to  come  within  the  province  of  an  auditor.  In  view  of  this  ex- 
perience it  is  urged  that  should  Congress  at  any  time  direct  the  Smith- 
BODian  Institution  to  participate  io  fntore  expositions,  the  law  be  so 
framed  as  to  require  the  appointment  of  an  auditing  officer  who  is 
bmiliar  with  the  demands  of  exhibition  work.  If,  however,  this  be  im- 
practicable, it  seems  proper  that  the  respoosibility  of  seleoting  and 
dedding  as  to  what  should  be  the  character  of  the  exhibits  should  be 
left  entirely  to  the  judgment  of  the  various  Departments,  the  andttoi's 
work  being  limited  to  the  examination  of  the  aoconntB,  which  should  of 
course  be  sufficiently  detailed  to  prevent  errors.  Another  cause  of  de- 
Uy  in  settling  the  exhibition  acconnts  was  due  to  the  fact  that  the 
(lifibursing  ofBcer  was  stationed  at  Newport,  Ky.,  instead  of  Waehing- 
tOD,  where  by  far  the  greater  part  of  the  bills  were  contracted.  The 
paymaster  drew  checks  upon  the  Cincinnati  depository  only,  and  this 
method  appeared  to  be  utijust,  since  it  obliged  employes  to  wait  several 
dnya  before  receiving  payment,  and  in  addition  to  lose  some  part  of  their 
money,  owing  to  the  refusal  of  the  Treasury  Department  in  Washington 
to  honor  .the  checks.  The  only  alternative  for  them  was  to  present  the 
checks  to  local  banks,  paying  the  usnal  discount  rates. 

Marietta  Centennial  Exposition.—  By  ao  Executive  order,  dated  July 
11, 18SS,  permission  was  granted  to  the  heads  of  the  departments  rep- 
resented at  the  Cincinnati  Exhibition  to  send  to  the  Ceuteuuial  Expo- 
sitioD  at  Marietta,  Ohio,  such  objects  as  could  be  conveniently  spared 
either  from  the  exhibits  at  Cincinnati  or  direct  from  Washiugton.  In 
accordance  with  this  order  an  exhibit  was  prepared  uuder  the  direction 
of  the  assistant  secretary.  Mr,  W.  V.  Cox,  chief  clerk  of  the  Museum, 
vas  appointed  by  him  as  his  representative.  Since  only  one  day  inter- 
vened in  this  instance  between  the  issuing  of  the  Executive  order  and 
the  opening  of  the  exhibition  there  was  no  time  to  be  lost  An  exhibit, 
with  a  total  weight  of  7,327  poauds,  was  prepared  and  installed  at 
^[arietta  before  the  opening  of  the  exhibition.  The  exhibit  included 
specimens  selected  from  the  Haida  collection  of  ethnological  objects, 
lithographs  of  the  game  fishes  of  the  United  States,  a  series  of  medals, 
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pbotographs  of  public  baildings  in  Wasbingtou,  a  eollection  of  auto- 
types, and  a  series  of  specimeus  illustrating  the  composidoD  of  tbe 
homaD  body.  In  addition  to  these  a  collection  of  models,  engravings, 
and  paintings  illustrative  of  the  methods  of  transportation  adopted  by 
the  early  settlers  in  America  was  selected  by  Mr.  J.  E.  Watkins  from 
tbe  exhibit  of  the  department  of  transportation  at  the  Cincinnati  Ex- 
hibition and  forwarded  to  Marietta. 

Tbe  organization  of  tbe  Government  Board  which  w»s  charged  with 
preparations  for  tbe  Philadelphia  Exhibition  was  so  far  superior  to  that 
of  those  more  recently  formed,  that  it  would  seem  desirable  that  the 
plan  in  favor  at  that  time  shonld  be  followed  as  far  as  poesible  should 
similar  work  be  decided  upon  in  connection  with  fnture  exbibitioDB. 

I  regret  the  growing  tendency  to  withdraw  for  special  expositions  a 
considerable  portion  of  some  of  the  most  valaable  part«  of  the  collec- 
tioD.  The  Museum  is  now  approaching  a  final  arrangement  in  classifi- 
cation, and  the  objections  to  (his  are  therefore  much  stronger  now  than 
eomeyears  ago  when  the  condition  of  the  collections  was  more  unsettled. 
The  preparation  for  an  exposition  seriously  impairs  the  work  of  the 
Museum,  while  considerable  damage  invariably  results  to  tbe  collec- 
tions, and  often  in  such  a  degree  that  it  requires  mach  time  and  ex- 
pense to  restore  tbem.  The  managers  of  local  expositions  are  no  longer 
satisfied  to  accept  the  specimens  which  cau  be  most  oonvenientl; 
spared,  but  are  always  anxious  to  have  the  most  valuable  andoostly 
objects.  Temporary  expositiou  buildings  are  never  made  fire-proof, 
and  tbe  time  is  sure  to  come,  if  the  present  practice  prevails,  when 
some  exhibition  building  containing  Government  collections  to  tbe  value 
of  hundreds  of  thonsauds  of  dollars  will  be  destroyed.  The  experi- 
ence of  the  Mexican  Oorerument  in  its  participation  at  the  New  Orleans 
Exposition,  and  of  the  Government  of  New  South  Wales  in  1883,  may 
be  cited  as  warnings.  If,  however.  Congress  should  order  in  future 
our  participation  in  expositions,  I  would  especially  urge  that  provision 
for  the  work  be  made  at  least  six  months  before  tbe  date  of  opening. 
In  each  instance  in  tbe  past  the  notice  has  always  been  extremely 
short,  usually  only  a  few  weeks,  and  in  one  or  two  cases  less  than  a 
week. 

I  am  also  disposed  to  lay  stress  upon  the  necessity  of  liberal  appro- 
priations, which  should  be  made  with  the  understanding  that  new  ma- 
terial may  be  obtained,  which  shall  not  onlj'  replace  that  which  has  been 
lost  in  past  exhibitioQB,  but  shall  euricb  the  Museum  collections  for 
home  use  and  for  use  in  future  exhibition  work.  If  this  uecessity  is 
not  recognized,  the  result  will  be  that  in  a  few  years  the  Museum  will 
be  greatly  impoverished,  not  only  by  tbe  destruction  of  material,  hut 
also  by  tbe  dissipation  of  the  energy  of  its  staff,  which,  being  applied 
to  temporary  purposes  in  this  way,  is  taken  away  from  its  legitimate 
work.  It  would  indeed  seem  only  fair  that  a  distraction  of  this  kind, 
which  affects  in  large  degree  every  officer  and  employ^  should  be  com- 
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penaated  for  by  tlie  opportaoity  to  pnrfibaBe  new  material  nbich  will 
remaJD  penuaDeutly  the  property  of  the  OoTernment  and  iocrease  the 
osefabiesa  of  tbe  goTerDtnental  Museum  work. 

BUREAU  OP  ETHNOLOGY. 

Ethnologic  researcbes  among  tbe  Korth  American  Indians  were  cou- 
tinned,  under  tbe  Secretary  of  tbe  StnitbsoniaD  lustitntion,  in  compli- 
ance witb  acts  of  Congress,  daring  the  year  1868-'89.  M^,  J.  "W.  Pow- 
ell, as  director  of  tbe  work,  haa  furaisbed  tbe  followiog  accoaut  of 
operationa: 

A  report  npon  the  work  of  tbe  year  is  most  conveniently  given  under 
two  general  beads,  viz.,  field  work  and  office  work. 

FIELD  WORK. 

The  field  work  of  the  year  is  divided  into  (1)  monnd  explorations 
and  (2)  general  field  stndies,  the  latter  being  directed  chiefly  to  arcb- 
sol(^,  lingnisticB,  and  pictography. 

Movnd  expUyrations. — The  work  of  exploring  tbe  mounds  of  tbe  east- 
era  United  States  was,  as  in  former  years,  nnder  the  super!  ntendeuce 
of  Prof.  Cyrus  Thomas.  Tbe  efforts  of  tbe  division  were  ebiefly  con- 
floed  to  tbe  examination  of  material  already  collected,  and  to  tbe  ar- 
raogement  and  preparation  for  publicatiou  of  the  data  in  band.  Field 
work  received  much  less  attention,  therefore,  than  in  previous  years, 
and  was  mainly  directed  to  such  investigations  as  were  necessary  to 
elacidate  doubtfnl  points,  and  to  the  examination  and  surveys  of  im- 
portaat  works  which  bad  not  before  received  adequate  attention. 

The  only  assistants  whose  engagements  embraced  the  entire  year 
were  Mr.  James  D.  Middleton  and  Mr.  Henry  L.  Reynolds.  Mr.  Gerard 
Fowke,  one  of  tbe  regular  assistants,  closed  bis  connection  with  tbe 
division  at  tbe  end  of  the  second  month.  Mr.  John  W.  Emmert  was 
eogaged  as  a  temporary  assistant  for  a  few  mouths. 

Daring  tbe  short  time  he  remained  with  the  division,  Mr.  Fowkewas 
engaged  in  exploring  certain  mounds  in  the  Scioto  Valley,  Ohio,  a  field 
to  wliicb  Messrs.  Sqnier  and  Davis  had  devoted  much  attention.  The 
re-examination  of  this  field  was  for  the  purpose  of  investigating  certain 
tfpical  mounds  which  bad  not  been  thoroughly  examined  by  those 
explorers. 

Hr.  Hiddleton  was  employed  from  July  to  tbe  latter  part  of  October 
in  tbe  exploration  of  mounds  and  other  ancient  works  in  Calhoun 
Connty,  111.,  a  territory  lo  which  special  interest  attaches  because  it 
seems  to  be  on  the  border  line  of  different  archsologic  districts.  From 
October  until  some  time  in  December  he  was  engaged  at  Washington 
iu  preparing  plats  of  Ohio  earth-works.  During  the  next  mouth  he 
made  re-surveys  of  some  of  the  more  imiwrtant  iucloaures  in  Ohio,  after 
vbich  he  coutinaed  work  in  the  office  at  Washington  until  tbe  latter 
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part  of  Marob,  when  be  was  sent  to  TeimeBsee  to  ezamioe  certain  moaa^ 
groaps,  and  to  determine,  so  far  as  possible,  tbe  exact  locations  of  tbe 
old  Cberoki  "Over-bill  towns."  The  result  of  tbis  las^mentioned  in- 
vestigation  was  one  of  tbe  most  vataable  of  tbe  year,  as  it  indicated 
tbat  oacb  of  these  "  Over-hill  towns"  was,  with  possibly  one  onimpor- 
tant  exception,  in  tbe  locality  of  a  moand  group. 

Kear  the  close  of  October  Mr.  Reynolds,  havinfr  already  examined 
the  inclosures  of  tbe  northern,  eastern,  and  western  sections  of  the 
monnd  region,  was  sent  to  Ohio  and  West  Virginia  to  study  the  differ- 
ent types  found  there,  with  reference  to  the  chapters  be  is  preparing 
on  tbe  various  forms  of  inclosures  of  tbe  United  States.  While  tlins 
engaged  he  explored  a  lar^  mound  connected  with  one  of  tbe  typical 
works  in  Paint  Greek  Valley,  obtaining  unexpected  and  important 
results.  Tbe  construction  of  this  tumulus  was  found  to  be  qnite  dif- 
ferent ftom  most  of  those  of  the  same  section  examined  by  Hessrs. 
Squier  and  Davis. 

Mr.  Emmert  devoted  the  few  months  he  was  employed  to  the  suc- 
cessful exploration  of  monnds  in  eastern  Tennessee.  Some  important 
discoveries  were  made,  and  additional  interesting  facts  were  ascertained 
in  regard  to  tbe  customs  of  tbe  mound  builders  of  tbat  section. 

Oeneral  field  studies. — Early  in  the  month  of  July  Col.  Oarrick  Mai- 
lery  proceeded  to  Maine,  Kova  Scotia,  and  New  Brunswick,  to  con- 
tinue  investigation  into  tbe  pictographs  of  tbe  Abnaki  and  Micmac 
Indians,  which  bad  been  commenced  in  1888.  Ho  first  visited  rocks  on 
tbe  main-land,  near  Machiasport,  and  on  Hog  Island,  in  Holmes  Bay,  a 
part  of  Machias  Bay.  In  both  localities  pecked  petroglyphs  were 
found,  accurate  copies  of  which  were  taken.  Some  of  them  had  not 
before  been  reported.  They  were  probably  of  Abnaki  origin,  either  of 
tbe  Penobscot  or  the  Passamaqnoddy  divisions,  the  rocks  lying  on  tie 
line  of  wnter  communication  between  those  divisions.  From  there  he 
proceeded  to  Kejemkoojik  Lake,  on  tbe  border  of  Queen's  and  Annap- 
olis counties,  Nova  Scotia,  and  resumed  the  work  of  drawing  and  txao- 
ing  tbe  large  number  of  petroglyphs  found  during  the  previous  summer. 
Perfect  copies  were  obtained  of  so  many  of  them  as  are  amply  suffi- 
cient for  study  and  comparison.  These  petroglyphs  were  etched  and 
were  made  by  Micmacs.  The  country  of  the  Malecites,  on  the  St. 
John's  River,  New  Brunswick,  was  next  visited.  No  petroglyphs  were 
discovered,  but  a  considerable  amount  of  information  upon  thn  old 
system  of  pictographs  on  birch  bark  and  its  use  was  obtained.  Illus- 
trative specimens  were  secured,  together  with  myths  and  legends  as- 
sisting in  tbe  elucidation  of  some  of  tbe  pictographs  which  had  tieen 
obtained  elsewhere. 

Br.  W.  J.  HofTman  proceeded  in  July  to  visit  the  Red  Ziake  and  White 
Earth  Indian  reservations  in  Minnesota.  At  Red  Lake  be  obtaiued 
copies  of  birch-barb  records  pertaining  to  the  Midewiwiji  or  Grand  Medi- 
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cioe  Society  of  the  Ojil)  wa,  au  order  of  sbamaus  or  priests  profeBsiDg  tlie 
power  of  prophes;,  the  oare  of  disease,  and  the  ability  to  confer  success 
in  th«  chase.  The  introdactory  portion  of  the  ritaal  of  this  society  per- 
tiuiis  paiticnlarly  to  the  Ojibwa  ideas  of  creation.  At  the  same  place 
gereral  mnemoDic  charts  were  secured,  coDsisting  of  birch-bark  records 
of  hantiog  expeditions,  battles  with  neighboring  tribes  ol  Indians,  maps, 
and  songs.  lie  also  invratigates  the  former  and  present  practice  of 
tattooing,  and  the  Ojibwa  works  of  art  in  colors,  beads,  and  quills. 

At  White  Earth  Reservation  two  distinct  charts  of  the  Grand  Medi- 
cine Society  were  obtained,  together  with  full  esplauations  by  two  of 
the  chief  mid£  or  shamans,  one  of  whom  was  the  only  fourth-degree 
priest  in  either  of  the  reservations.  Although  a  considerable  amount 
of  difference  between  these  three  charts  is  apparent,  the  principles  are 
eommoQ  to  them  all  as  well  as  the  general  course  of  the  iuitiation  of 
candidates.  An  interesting  fact  appears  in  the  survival  of  archaic  forms 
in  the  charts  and  ritual,  seemingly  indicating  a  considerable  antiquity. 
A  large  number  of  mnemonic  songs  was  also  obtaiued  at  this  reservation. 
Id  addition  to  much  of  the  ritual,  secured  directly  from  the  priests,  in 
(he  original  language,  translations  of  the  songs  were  also  recorded  in 
musical  notation.  Alter  the  completion  of  his  labors  at  the  above  reser- 
rations.  Dr.  Hoffman  proceeded  to  Pipestone,  Minn.,  to  secure  copies 
of  pictograpbs  reported  to  occur  npon  the  clilts  of  that  well-known 
locality.  The  reports  of  the  great  unmber  of  petroglyphs  were  found 
to  have  been  greatly  exaggerated,  though  a  unmber  of  what  appeared 
to  he  personal  names  were  found  on  the  rocks.  lie  then  returned  to 
St  Paul,  Minn.,  to  search  the  records  of  the  library  of  the  Minnesota 
Historical  Society  for  copies  of  pictograpbs  reported  to  have  been  made 
aeai  Ia  Poiate,  Wis.  Little  information  was  gathered,  although  it  is 
veil  known  that  such  records  existed  upon  conspicuous  cliffy  and  rocks 
near  Lake  Superior  at  and  in  the  vicinity  of  Bayfield  and  Ashland. 

Dr.  Hoffman  afterwards  made  a  personal  examination  of  the  "  pic- 
tnred  cave"  8  miles  northeast  of  La  Crosse,  Wis.,  to  obtain  copies  of 
the  varioDS  characters  occurring  there.  These  are  rapidly  being  de- 
stroyed by  the  disintegration  of  the  rock.  The  colors  employed  in  de- 
lineating the  various  figures  consisted  of  dark  red  and  black.  The  fig- 
ures represented  deer,  human  beings,  and  various  animals  and  forms 
not  now  distinguishable. 

Hr.  H.  W.  Heushaw  spent  the  months  of  Angust,  September,  and 
October  on  the  Pacific  coast,  engaged  in  the  collection  of  vocabularies 
of  certain  Indian  langnagea,  with  a  view  to  their  stndy  and  classifica- 
tion. The  Umatilla  Beservation  in  Oregon  was  first  visited  with  the 
object  of  obtaining  a  comprehensive  vocabulary  of  the  Cayuse.  Though 
tliere  are  about  fonr  hundred  of  these  Indians  on  the  reservation  prob- 
ably not  more  than  six  speak  the  Cayuse  tongue.  The  Cayuse  have 
extensively  intermarried  with  the  Umatilla,  and  now  speak  the  language 
of  the  latter,  or  that  of  the  Nf  z  Perc^.  An  excellent  Cayuse  vocabulary 

,Cooi^le 
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vraa  obtained,  and  at  tbe  same  time  tbe  opportunity  was  embmoed  to 
eecnre  vocabularieH  of  tlie  Umatilla  and  tbe  Nez  Perc^  langnages.  His 
next  objective  point  waa  tbe  neighborhood  of  tbe  San  Bs^ael  Hiesion, 
Marin  County,  Oal.,  the  hope  being  entertained  that  here  woald  be 
found  someof  the  Indians  formerly  gathered  at  tbe  mission.  He  leanted 
that  there  were  no  Indians  at  or  near  San  Bafaet,  bnt  sabseqaently 
foaud  some  half  dozen  on  the  shores  of  Tomales  Bay,  to  tlie  north. 
From  one  of  these  a  good  vocabalary  was  collected,  and,  as  was  es- 
pected,  was  subsequently  found  to  be  related  to  the Moqnelomnan  fam- 
ily of  the  interior,  to  the  southeast  of  Sau  Francisco  Bay.  Later  the 
missions  of  Santa  Crnz  and  Monterey  were  visited.  At  these  points 
there  still  remain  a  few  old  Indians  who  retain  a  certain  command  of 
their  own  language,  though  Spanish  forms  tbeir  ordinary  means  of  in- 
tercourse. The  vocabularies  obtained  are  sufBcient  to  prove,  beyond 
any  reasonable  doubt,  that  there  were  two  liugnistic  families  instead  of 
one,  as  bad  been  formerly  supposed,  in  the  country  above  referred  ta 
A  still  more  important  discovery  was  made  by  Mr.  Hensbaw  at  Monte- 
rey, where  an  old  woman  was  found  who  succeeded  in  calling  to  mind 
more  than  one  hundred  words  and  short  phrases  of  the  Esselen  lan- 
guage, formerly  spoken  near  Monterey,  bat  less  than  forty  words  of 
which  had  been  previously  known.  Xear  the  town  of  Cayacas,  to  the 
south,  an  aged,  blind  Indian  was  visited  who  was  able  to  add  somewhat 
to  the  stock  of  Esselen  words  obtained  at  Monterey,  and  to  givel)esidee 
valuable  information  concerning  the  original  home  of  this  tribe.  As  a 
result  of  the  study  of  this  material,  Mr.  Hensbaw  determines  tbe  Es- 
selen to  be  a  distinct  linguistic  family,  a  conclusion  first  drawn  by  Hr. 
Curtin,  fh>m  a  study  of  the  vocabularies  collected  by  Oaliano  and  Lam- 
anon  in  the  ISth  century.  The  territory  occapied  by  the  tribe  and  lin- 
gaistic  fomily  lies  coastwise,  south  of  Monterey  Bay,  as  far  as  the  Santa 
Lucia  Monntain. 

Od  Jaly  6  Mr.  James  Mooney  started  on  a  second  trip  to  the  Cheroki 
Nation  in  Korth  Carolina,  returning  November  14,  after  an  absence  of 
about  four  months.  During  this  time  be  made  considerable  additions 
to  the  linguistic  material  already  obtained  by  him,  and  was  able  to 
demonstrate  the  former  existence  of  a  fourth,  and  perhaps  even  of  a 
fiftb,  well-marked  Cheroki  dialect  in  addition  to  tbe  upper,  lower,  and 
middle  dialects  already  known.  Tbe  invention  of  a  Cheroki  syllabary, 
which  was  adapted  to  the  sounds  of  the  upper  dialect,  has  tended  to 
make  that  the  universal  dialect.  A  number  of  myths  were  collected, 
together  with  a  large  amount  of  miscellaneous  material  relating  to  the 
Cheroki  tribe,  and  the  great  tribal  game  of  ball  play,  with  its  attendant 
ceremonies  of  dancing,  conjuring,  scratching  tbe  bodies  of  the  players, 
and  going  to  water,  was  witnessed.  A  camera  was  utilized  to  secure 
characteristic  pictures  of  tbe  players.  Special  attention  was  given  to 
tbe  subject  of  Indian  medicine,  theoretic,  ceremonial,  and  therapentic. 
The  most  not«d  doctors  of  the  tribe  were  employed  as  iaformants,  and 
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nearly  five  hundred  specimeoB  of  medicinal  and  food  plants  were  col- 
lected and  their  Indian  names  and  oaea  aBoertained.  The  general  resntt 
of  this  inveBtigation  shows  that  the  medical  and  botanical  knowledge 
of  the  Indians  has  been  greatly  overrated.  A  study  was  made  of  Oher- 
oki  personal  names,  aboat  fire  hundred  of  which  were  translated, 
being  all  the  names  of  ludtaii  origin  now  existing.  The  most  impor- 
tant results  of  Mr.  MfMney's  investigation  were  the  discovery  of  a  large 
Dnmber  of  manascripts  coutiiiuiug  the  sacred  formula  of  the  tribe, 
written  in  Choroki  characters  by  the  shamans  for  their  own  secret  nse, 
and  jealously  guarded  from  the  knowledge  of  all  but  the  initiated.  The 
existence  of  sacta  manuscripts  bad  been  discovered  daring  a  previous 
Tint  iu  1887,  and  a  number  had  been  procared.  This  discovery  of  gen- 
aine  aboriginal  material,  writteu  in  an  Indian  language  by  shamans  for 
their  own  use,  is  believed  to  be  unique  in  the  history  of  aboriginal 
investigation,  and  was  only  made  possible  through  the  invention  of  tbe 
Cbeioki  syllabary  by  Sequoia  in  1821.  Every  effort  was  made  by  Mr. 
Uoouey  to  obtain  all  tbe  manuscripts  possible,  with  the  result  of  secur- 
ing  ueariy  all  sach  material  in  the  possession  of  the  tribe.  The  whole 
DDtnber  of  formalse  obtained  is  about  six  hundred.  They  consist  of 
prayers  and  sacred  songs,  esplauatious  of  ceremonies,  directions  for 
medical  treatment,  and  underlying  theories.  They  relate  to  medicine, 
love,  war,  hunting,  fishing,  self  prot«ction,  witchcraft^  agricaltnre,  the 
ball  play,  etc,  thus  forming  a  complete  exposition  of  au  aboriginal  re- 
li^onas  set  forth  by  its  priests  in  the  laugnage  of  the  tribe. 

Early  in  October  Mr.  Jeremiah  Curtin  left  Washington  for  the  Pacific 
Coast.  During  the  remainder  of  the  year  he  was  occupied  in  Shasta 
and  Humboldt  Counties,  Gal.,  in  collecting  vocabularies  and  data  con- 
nect«d  with  the  Indian  system  of  medicine.  This  work  was  continued 
in  different  parts  of  Humboldt  and  Siskiyou  Counties  until  June  30, 
1889,  Large  collectious  of  linguistic  and  other  data  were  gathered  and 
myths  were  secured,  which  show  that  the  whole  system  of  medicine  of 
tliese  Indians  and  the  ministration  of  remedies  originated  iu  and  is 
limited  to  sorcery  practices. 

The  field  of  work  of  Mr.  Albert  S.  Oatschet  during  the  year  was  of 
limited  duration.  It  had  been  ascertained  that  Mrs.  Alice  M.  Oliver, 
now  in  Lynn,  Mass.,  formerly  lived  ou  Trespalacios  Bay,  Texas,  near 
the  homes  of  tbe  Karaokawa,  and  Mr.  G-atschet  visited  Lynu  with  a  view 
of  securing  as  complete  a  vocabalary  as  possible  of  their  extinct  lan< 
gaaga  Mrs.  Oliver  was  able  to  recall  about  one  hundred  and  sixty 
terms  of  the  language,  together  with  some  phrases  and  sentences.  She 
niso  Aimished  many  valuable  details  regarding  the  ethnography  of  the 
UiiM.    Ten  days  were  spent  in  this  work. 

Ur.  J,  N.  B.  Hewitt  was  occupied  in  field  work  ftom  August  1  to  No- 
vember 8,  as  follows:  From  the  Ist  of  August  to  September  20  he  was 
OD  the  Tnscarora  Beserve,  iu  itfiagara  Couuty,  iu  which  locality  flftiy- 
five  legends  and  myths  were  collectkd.    A  Penobscot  vocabulary  w^ 
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also  obtained  bere,  together  witb  otber  liagaUtio  material.  From  Sep- 
tember 20  to  November  8  Mr.  Hewitt  visited  tUe  Grand  Biver  Besetre, 
wbere  a  large  anioant  of  text  was  obtaiaed,  together  witb  notes  and 
other  linguistic  material. 

Dr.  Franz  Boas  was  employed  ftvm  Febraary  to  April  in  preparing 
for  coDvenieot  ase  a  series  of  vocabularies  of  the  several  Salish  divisionfl, 
previously  collected  by  him  in  British  Columbia. 

Mr.  Victor  Mindeleff  left  Washington  on  October  23  for  St.  John's, 
Ariz.,  where  be  examined  the  Hnbbell  collection  of  ancient  pottery  and 
secured  a  scries  of  photographs  and  colored  drawings  of  the  more  im- 
portant specimens.  Thence  he  went  to  Znni  and  obtained  drawings  of 
interior  details  of  dwellings  and  other  data  necessary  for  the  comple- 
tion of  bis  studies  of  the  architectare  of  this  pueblo.  He  retnme>l  to 
Washington  December  7. 

Mr.  A.  M.  Stephen  continued  work  among  the  Tasayan  pueblos  un- 
der the  direction  of  Mr.  Victor  Miodelefi'.  He  added  mach  to  onr 
knowledge  of  the  traditionary  history  of  Tusayan,  and  has  made  an 
extensive  stndy  of  the.  honse-lore  and  records  of  house-building  cere- 
monials. He  furnished  also  a  full  Domenclatnre  of  Tusayan  architect- 
ural terms  as  applied  to  the  various  details  of  terraced  housft  construc- 
tion, with  etymologies.  He  secured  from  the  Navi^o  mnch  osefnl  in- 
formation  of  the  ceremonial  connected  with  the  constrnctiOQ  of  their 
conical  lodges,  or  "  bogans,"  supplementing  the  more  purely  archi(ec^ 
ural  records  of  their  construction  previously  collected  by  Mr.  Minde- 
leff. As  opportunity  occurred  he  gathered  small,  typical  coUectiona  of 
baskets  and  other  textile  fabrics  illustrative  of  the  successive  stages  of 
their  manufacture,  including  specimens  of  raw  materials  and  detailed 
descriptiousof  thedyesused,  These  collections  areiotendedto  inclade 
also  the  principal  patterns  in  use  at  the  present  time,  with  the  native 
explauations  of  their  significance. 

OFFICE   WORK. 

Director  Powell  has  devoted  much  time  during  the  year  to  the  final 
preparation  of  the  paper  to  accompany  the  map  of  the  linguistic  fami- 
lies of  North  America  north  of  Mexico,  the  scope  of  which  has  been 
alluded  to  in  previous  years.  The  re^wrt  and  map  are  now  practically 
completed,  and  will  appear  in  the  Beventh  Annual  Keport  of  the  Bnreaa, 
soon  te  go  to  presa 

Mr.  Henshaw  was  chiefly  occupied  with  the  administrative  dnties  of 
the  office,  which  have  been  placed  in  his  charge  by  the  Director,  and 
with  the  completion  of  the  linguistic  map,  which  is  now  ready  for  the 
engraver. 

Ool.  Qarrick  Mallery,  after  his  return  from  the  field  work  elsewhere 
mentioned,  was  engaged  in  the  elaboration  of  the  new  information  ob- 
tained and  in  further  continued  stndy  of,  and  correspondence  relating 
to,  sign  language  and  pictography.  r\wwil,> 
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Dr.  W,  J.  Hofiinaii  continued  tbe  arrangement  and  classiflcatioa  of 
matenal  embracing  the  subjects  of  pictography  and  gesture  langaage 
of  the  Kortb  American  Indians,  but  more  particularly  of  the  date  aod 
slietchea  secured  by  him  dnring  previous  field  seasons. 

While  Mr.  J.  Owen  Dorsey  did  no  field  work  daring  the  year,  he  de- 
voted mach  of  the  time  to  original  investigations.  Samuel  Fremont, 
an  Omaha  Indian,  came  to  Washiugtou  in  October,  18SS,  and  until 
February,  1889,  assisted  Mr.  Dorsey  iu  the  revision  of  the  entries  for 
the  ^egiba-English  Dictionary.  A  similar  work  was  undertaken  by  Lit- 
tle Standing  Bufialo,  a  Ponca  Indian  from  the  Indian  Territory,  in  April 
and  May,  1889.  Tbe  summary  of  Mr.  Dorsey's  office  work  is  as  follows : 
He  completed  the  entries  for  the  ([!egiha-Englisb  Dictionary,  and  a  list 
of  Ponca,  Omaha,  and  Winnebago  personal  names  was  made.  He 
translated  from  tbe  Teton  dialect  of  the  Dakota  all  tbe  material  of  tbe 
Bnshotter  collection  in  the  Bureau  of  Ethnology,  and  prepared  there- 
from a  paper  on  Teton  folk-lore.  He  also  prepared  a  brief  paper  on 
the  camping  circles  of  Sionan  tribes,  and  in  addition  furnished  an  ar- 
ticle on  the  modes  of  predication  in  the  Athapascan  dialects  of  Oregon 
and  in  several  dialects  of  the  Sionan  family.  He  also  edited  tbe  man- 
oscript  of  the  Dakota  grammar,  t«xt8,  and  ethnography,  written  by 
the  late  Rev.  Dr.  S.  R,  Riggs.  This  will  soon  be  pablisbed  as  Part  1, 
Volume  VII,  Contribntions  to  North  American  Ethnology.  In  May, 
IS89,  he  began  an  extensive  paper  on  Indian  t>ersonal  names,  based  on 
material  obtained  by  himself  in  the  field,  to  contain  names  of  tbe  fol- 
lowing tribes :  Omaha  and  Ponka,  Kansa,  Osage,  Ewapa,  Iowa,  Oto 
and  Missouri,  and  Winnebago. 

Hr.  Albert  S.  Qatschet's  office  work  was  almost  entirely  restricted  to 
the  composition  and  completion  of  his  Grammar  of  the  Klamath  Lan> 
guage  of  Oregon,  with  the  necessary  appendices.  The  grammar  and 
dictionary  are  now  printed  and  will  soon  be  published.  The  ethnog- 
raphy will  follow. 

Daring  the  year  Mr.  Jeremiah  Gurtin  arranged  and  copied  myths  of 
varioos  Indian  families,  and  also  transcribed  Wasco,  Sabaptin,  and 
Yaoa  vocabularies  previously  collected. 

On  his  return  from  the  Cheroki  reservation  in  1888,  Mr.  James 
Uooney  began  at  once  to  translate  a  nnmber  of  tbe  prayers  and  sacred 
tonga  obtained  from  the  shamans  dnring  his  visit.  The  result  of  this 
work  will  appear  in  a  paper  in  the  seventh  annual  report  of  the  bureau 
entitled  "Sacred  formulas  of  the  Cheroki."  Considerable  time  was 
devoted  also  to  the  elaboration  of  the  botanic  and  linguistic  notes  ob- 
tained in  tbe  field.  In  the  spring  of  1889  he  began  tbe  collection  of 
material  for  a  monograph  on  the  aborigines  of  the  Middle  Atlantic 
slope,  with  special  reference  to  the  Powhatan  tribes  of  Virginia.  As  a 
preliminary,  about  one  thousand  circulars,  requesting  information  in 
regard  to  local  names,  antiquities,  and  surviving  Indians,  were  distrib- 
uted throughout  Maryland,  Delaware,  Virginia,  and  northeastern  0^1^. 
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olina.  The  infonuatioQ  thos  obtained  affords  an  excellent  basis  for 
future  work  io  tbJs  directiou. 

From  Jut;  1  to  Angust  1,  Mr.  J.  N.  B.  Bowitt  was  engaged  in  ar- 
ranging alphabetically  the  recorded  words  of  the  Tuscarora-English 
dictionary  mentioned  in  former  reports,  and  in  the  study  of  adjeotire 
word-tbrmB  to  determine  the  variety  and  kind  of  the  Tuscarora  moods 
and  tenses.  After  his  return  from  the  field,  Mr.  Hewitt  recorded 
and  tabulated  all  the  forma  of  the  personal  pronouns  employed  in  the 
Tuscarora  language.  Studies  were  also  jirosecuted  to  develop  the 
predicative  fuuction  in  the  Tuscarora  s^teech.  All  the  terms  of  con- 
sanguinity and  affinity  as  now  used  among  tbe  Tuscarora  were  recorded 
and  tabulated.  Literal  translations  of  many  myths  collected  in  the 
fields  were  made,  and  free  translations  added  to  four  of  them.  In  all 
of  these  studies  linguistic  notes  were  made  relating  to  etymology,  pho- 
nesis,  and  verbal  change. 

Hr.  James  C.  Pilling  baa,  aa  usual,  given  all  the  time  he  could  spare 
ft«m  his  executive  duties  to  the  preparation  of  bibliographies  of  SotOi 
American  languages.  The  Bibliography  of  the  Iroqnoian  Languages 
was  completed  early  in  the  fiscal  year  and  the  edition  was  issued  m 
February  last.  In  the  mean  time  a  Bibliography  of  the  Muskhogean 
Languages  has  been  compiled,  the  manuscript  of  wb  ich  was  sent  to  the 
printer  January  S,  1889,  the  first  proof  received  Febuary  9,  and  proof- 
reading completed  early  in  June.  The  edition,  however,  was  not  de- 
livered during  the  fiscal  year.  Early  in  March,  188d,  Mr.  Pilling  made 
a  trip  to  Philadelphia  to  inspect  the  linguistic  material,  particularly  the 
mannscripts,  belonging  to  the  American  Philosophical  Society.  The 
library  authorities  gave  him  every  facility,  and  much  new  material  was 
secured.  In  June  Mr.  Pilling  made  a  somewhat  extended  trip  through 
New  England  States  and  into  Canada,  visiting  tbe  Astor,  Jjenox,  and 
the  Historical  Society  libraries  in  Sew  York  ;  the  libraries  of  the  Athe- 
neum.  Public,  Massachusetts  Historical  Society,  and  the  American 
Board  of  Commissioners  for  Foreign  Missions,  in  Boston  ;  that  of  Har- 
vard University,  in  Cambridge;  the  American  Antiquarian  Society,iD 
Worcester,  and  the  private  library  of  Dr.  J.  Hammond  Tmmball,  in 
Hartford.  In  Canada  he  visited  the  library  of  Laval  University,  aod 
the  private  library  of  Mr.  P.  Gagnon,  in  Quebec,  of  St.  Mary's  College 
and  Jacques  Cartier  School,  in  Montreal,  and  various  missions  along 
the  St.  Lawrence  Eiver,  with  a  view  of  inspecting  the  mannscripts  left 
by  the  early  missionaries.  In  addition  to  these  he  visited  many  smaller 
institntions,  private  libraries,  and  publishing  houses,  and  tbe  result  of 
the  whole  trip  was  the  accumalation  of  much  new  material  for  insertion 
in  the  Algonqniau  bibliography.  It  is  thought  that  the  manuscriptfor 
this  publication  will  be  in  shape  to  send  to  the  printer  before  the  close 
of  the  year  ISSd. 

Mr.  W.  n.  Holmes  has  coutiuned  to  edit  tbe  illustrations  for  the  Bu- 
reau publications,  and  has  besides  engaged  actively  in  his  studies  of 
D„:,iP<.-jM,CoO<^le 
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ibori^DBl  arcbtaology.  He  bas  completed  papers  apon  the  pottery  of 
the  Pototnac  Valley  and  apon  the  objects  of  shell  collected  by  the  Bureaa 
(lariDg  the  last  eight  years,  and  be  baa  others  io  preparation.  As  cara- 
tor  of  Boreaa  collections  he  makes  the  following  statement  of  accessions 
for  the  year:  From  Dr.  (Jyrus  Thomas  and  his  immediate  assistants 
working  in  the  monnd  region  of  the  M)s»<issippi  Valley  and  contignons 
portions  of  the  Atlantic  slope,  the  Bureau  has  received  one  hundred 
and  forty-six  specimens,  including  articles  of  clay,  stone,  shell,  and 
bone.  Hr.  Victor  Mindeleff  obtained  aizteen  specimens  of  pottery  from 
ihe  Pneblo  country.  Other  collections  by  members  of  the  Bureaa  and 
of  the  Geological  Survey  are  as  follows :  Shell  beads  and  pendente 
(modem)  from  Sao  Buenaventnra,  Cal.,  byH.  W.  Hensbaw.  Fragments 
of  pottery  and  other  articles  from  the  vicinity  of  the  Cheroki  agency, 
N.  C,  by  James  Moooey.  A  large  grooved  hammer  from  the  bluff  at 
Three  Forks,  Mont,  by  Vt.  A.  0.  Feale.  A  large  series  of  rnde  etone 
implements  from  tbe  District  of  Columbia,  by  DeLancey  W.  Gill. 
Donations  faave  been  received  as  follows :  An  important  series  of  earthen 
rases  from  a  monnd  on  Perdido  Bay,  Ala.,  by  F.  H.  Parsons.  Ancient 
paeblo  vases  from  soothwestem  Colorado,  by  William  M.  Davidson. 
A  series  of  spurions  earthen  vessels,  manufoctured  by  unknown  persons 
in  eastern  Iowa,  by  G.  C  Jones,  of  Augusta,  Ga.  Fragments  of  pot- 
tery, etc.,  from  Eomney,  W.  Va.,  by  G.  H,  Johnson.  Fragments  of  a 
steatite  pot  from  Ledyard,  Conn.,  by  G.  L.  Fancber.  A  series  of 
stone  tools,  earthen  vessels,  etc.,  from  a  mound  on  Lake  Apopka,  Fla., 
by  Thomas  Featherstonbaugfa.  Fragments  of  gilded  earthenware  and 
photographa  of  antiquities  from  Mexico,  by  F.  Flaocarte.  Fragments 
of  gold  ornaments  from  Costa  Bica,  by  Anastasio  Alfaro.  Loans  of  im- 
portant specimens  have  been  received  as  follows :  Articles  of  clay  from 
a  mound  on  Perdido  Bay,  Ala.,  by  Mrs.  A.  T.  Mosman.  Articles  of 
clay  from  the  last  mentioned  locality,  by  A.  B.  Simons.  Pottery  from 
the  Potomac  Valley,  by  W.  Hallett  Phillips,  by  8.  V.  Prondfit,  and  by 
H.  L.  BeynoldH.  Articles  of  gold  and  gold-copper  alloy  from  Costa 
Bica,  by  Anastasio  Alfaro,  secretary  of  tbe  National  Museum  at  San 
3oaL 

Prof.  Cyma  Thomas  was  chiefly  occupied  during  the  year  in  the  prepa- 
radoD  of  the  second  and  third  volumes  of  hia  reports  upon  the  mounds. 
It  is  probable  that  these  will  be  finished  during  the  present  dscal  year. 
He  also  prepared  a  bulletin  on  tbe  Circular,  Square,  and  Uctagoual 
Barth-works  of  Ohio,  with  a  view  of  giving  a  summary  of  a  recent  sur- 
vey by  the  mound  division  of  the  principal  works  of  the  above  character 
io  southern  Ohio.  A  second  bulletin  was  completed,  entitled  "The 
Problem  of  tbe  Ohio  Mounds,"  io  which  he  presented  evidence  to  show 
tiiat  tbe  ancient  works  of  the  State  are  dne  to  Indians  of  several  differ- 
ent tribes,  and  that  some,  at  least,  of  the  typical  works  wore  built  tiy 
the  ancestors  of  tbe  modern  Cberoki. 

Since  his  return  from  the  field,  Mr.  H.  L.  Beynolds  has  been  engaged 
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Id  tbe  preparation  of  a  geoeral  map  of  the  Uoited  States,  showing  the 
area  of  the  mounfls  and  the  relative  frequency  of  their  occarreuce.  He 
has  sioce  assisted  Professor  Thomas  in  tbe  preparation  of  tbe  monograph 
upon  tbe  inclosureB. 

Mr.  Victor  MindelefT,  assisted  by  Mr.  Cosmos  Mindeleff,  has  been 
engaged  in  preparing  for  poblication  a  "  Stndy  of  Pueblo  Architecture" 
as  illnstrated  in  the  provinces  of  Tusayao  and  Cibola,  material  for  which 
he  bas  been  engaged  in  collecting  for  a  number  of  years.  This  report 
is  now  completed,  and  will  appear  in  tbe  Seventh  Annual  Report  of 
the  Bureau. 

At  the  beginning  of  the  fiscal  year  Mr.  Cosmos  MlndelefiF  and  tbe 
force  of  the  modelling  room  completed  tbe  bnreaa  exbibit  for  tbe  Oia- 
cinnati  Exposition,  and  during  the  early  part  of  the  year  Mr.  MindeleCF 
was  at  Cincinuati  io  charge  of  the  same.  Owing  to  restricted  space 
the  exhibit  was  limited  to  the  Pueblo  culture  gronp,  but  this  was  illus- 
trated as  fully  as  the  time  would  [>ermit.  Tbe  exbibit  covered  aboat 
1,200  feet  of  floor  space  as  well  as  a  large  amount  of  wall  space,  and 
consisted  of  models  of  pueblo  aud  cliS'  rains;  models  of  inhabited 
pueblos,  ancient  and  modem  pottery,  examples  of  weaving,  basketry, 
etc.,  a  representative  series  of  implements  of  war,  tbe  cbase,  agricnltare, 
and  tbe  honsehold,  mauikina  illustrating  costumes,  and  a  series  of 
large  photographs  illustrative  of  aborigiual  architecture  of  tbe  pueblo 
region,  and  of  many  phases  of  pueblo  life.  Upon  Mr.  MindelefTs  re- 
turn from  Cincinuati  be  resnmed  assistance  to  Mr.  Victor  Mindeleff 
npon  a  report  on  pueblo  architecture,  and  the  close  of  the  fiscal  year 
saw  the  two  chapters  wbicli  had  been  assigned  him  completed.  They 
consist  of  a  review  of  tbe  literature  on  the  pueblo  regiou  and  a  som- 
mary  of  tbe  traditions  of  tbe  Tusayau  group  from  material  collected  by 
Mr.  A.  M.  Stephen.  Work  was  also  continued  on  the  duplicate  series 
of  models,  and  twelve  were  advanced  to  various  stages  of  completion. 
Some  time  was  devoted  to  repairing  original  models  which  had  been 
exhibited  at  Cincinnati  and  other  expositions,  and  also  to  experiments 
in  casting  in  paper,  in  order  to  find  a  suitable  paper  for  use  in  large 
models.    The  experiments  were  successful. 

Mr.  J.  K.  Hillershas  continued  the  collection  of  photographs  of  prom- 
inent Indians,  in  both  i'ull-faceand  profile,  by  which  method  all  Uiefo- 
cial  characteristics  are  exhibited  to  the  best  advantage.  In  nearly  every 
instance  a  record  has  been  preserved  of  the  sitter's. status  in  the  tribe, 
tbe  age,  biographic  notes  of  interest,  and  in  caee  of  mixed  bloods  the 
degree  of  intermixture  of  blood.  The  total  numberof  photographs  ob- 
tained daring  the  year  is  27,  distributed  among  the  following  tribes, 
viz:  SacandFos,5;  Dakota,  6 ;  Omaha,  6,  and  mixed-bloods  (Creeks), 
10. 
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LIST  OF    PUBL1GAT10«S  OF  THE  BUREAU  OF  ETHNOLOOT. 

ANNUAL  KEPOKTS. 

tint  AduqaI  Report  of  the  Burenu  of  Btlitiology,  lS;i>-'eO.     1881.     xixv,  +  603  pp. 

8to. 
8atOD(l  AoDnal   Reportof  the  Bureau  of  Elhtiology,  l)-80-'ril.     188:1.     xzxvii,  +477 

Third  Annoal  R«port  of  the  Bureau  of  Etliuology,  lr^l-'8'2.     Itl84.     Ixxiv,  +  GOGpp. 

Fonrtb  Annnal  B«port  of  tbe  Bart>aa  of  Ethnology,  I8e2-'83.   I8d6.    Isxiii,  +63*2  pp. 

MfUi  AntiDal  Report  of  tbe  Bureau  of  Ethnology,  188:U'84.     1-^.     liii,  +  MM  pp. 

Siitb  ADDual  Report  of  the  Bureau  of  Ethoolog;,  m84-'HS.    IHSS.    Ivii,  +  675  pp. 

CONTRIBUTIONS. 

ContribatioDD  to  North  Aiueric»D  Ethuologj,  Vol.  I.     1877.     liv,  +  361  pp.    4to. 
CoDtribnttoDKloKorth  American  Ethnology.  Vol.  IH.     1877.     3.     G35  pp.     4U>. 
ContdbnttoDS  t«  North  A  men  ca  d  Etli  oology,  Vol.  IV.    1861.    siv,  +  2fll  pp.    4to. 
ContributloDB  to  North  American  Ethnology,  Vol.  V.    18a3.     112.    32.    xizvii,+237 

INTROSDCT10K8. 

PowfU,  J.  W.      Introduction  to  the  Study    of  Indian  LauguageH.     1877.     104  pp. 

Ito. 
Powell,  J.  W.     lotrodactiOD  to  the  Study   of  ludinii  LauguagL-H.    2Dd  imI.    IBiO,    k\, 

+  228  pp.    4to. 
Uallerj,  Garrick.    Introduction  to  the  Stndy  of  Sign  Language.    I&80.    iv,  +  72  pp. 

4to. 
Tirrow.n.C.     Introduction  to  the  Study  of  Mortuary  CuBtoiuB.    1H80.    ix, +  114  pp. 

Ito. 
Mallery,  Garrick.    Collection  of  Gesture  Signs  and  Bignala.     168".     329  pp.    4to. 
Pilliug,  J.  C.    Proof-sheeta  of  Bibliography  of  North  American  Indian  Lunguagee. 

18ab.    xl, +  1135pp.    4to. 


Filling,  J.  C.    Bibliography  of  Ibe  Eskimo  Language.     1887.     v,  +  llfi  pp.    tJvo. 

Hensbaw,  H.  W.    Perforated  Stones  from  California.     HW,     34  pp.    8v«. 

Holmes,  W.  H.     Tbe  use  of  Gold  aud  other  Metuls  auiuiig  tbe  Ancient  lubuUitauts  of 

Chiriqui,  Isthmus  of  Darien.     IH87.    27  pp.    8vo. 
Tkomss,  C.    Work  iu  Hound  Explorati*u  of  the  Bureau  of  Ethnology.    1887.    IS  pp. 

Svo. 
Pilling,  J.  C.     Bibliography  of  the  Sioiiau  Languagos.     1887.     v,  +  H7  pp.    8vo. 
MiDg,J.C.     Bitiliogrsphy  of  tbe  Iroquoian  Languages.     l'^^8.     vi, +  208  p|i.    8vo. 
Pilling,  J.  C.     Bibliography  of  the  Huakbogean  Languages.    1889.    v,  +  114  pp.   8vo. 
Tbonias,C.  TheCiccular,  Square,  and  Octagonal  Earth-worksof  Ohio.    1889.    ;i5pp. 

Svu. 
Tbomas,  C.    Tbe  Problem  of  the  Ohio  Monuds.     1889.     54  pp.     ^vo. 
Eclmes,  W.  H.    Textile  Fabrics  of  Ancient  Peru.     1889.    pp.  17.    8vo. 
H,  Mis,  224 5 
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NECROLOGY.  > 

JBBOHE  a.  KIDDEE. 

Dr.  Jerome  H.  Kidder  was  born  in  Baltimoro  Connty,  Hd.,  on  the 
26tb  of  October,  1812,  and  gradnat«d  in  1862  at  Harvard,  wbeie  be 
is  still  remembered  as  foremost  in  the  gymo^inm  ^  veil  as  on  hiBclass- 
rolls.  He  immediately  then  tendered  his  services  for  the  war,  and  was 
placed  in  charge  of  the  sea  island  plantations  near  Beaafort,  S.  0., 
where  he  contracted  yellow  fever,  and  was  invalided  home  early  ia 
1863 ;  bat  npon  recovery  enlisted  in  the  Tenth  Maryland  Infontry,  in 
which  be  served  as  private  and  DOD-oommissioDed  officer  until  the  fol- 
lowing year,  when  be  was  selected  to  be  medical  cadet,  and  in  that  ca- 
pacity was  employed  in  the  military  hospitals  near  the  capital.  Dnriog 
this  time  he  was  prosecuting  the  stady  of  medicine,  and  in  1866  re- 
ceived from  the  University  of  Maryland  the  degree  of  M,  D.  In  tlie 
same  year  he  was  commissioned  an  assistant  surgeon  in  the  U.  S.  Navy, 
l)ecomiog  full  surgeon  in  1876. 

Dr.  Kidder's  first  dnty  was  at  Japan,  where  be  qniokly  acqnired  tbe 
language  of  the  country,  and  iu  other  ways  established  the  repntation 
which  attached  to  bim  ttironghout  his  career  for  bis  "capacity  for  taking 
pains."  While  on  this  foreign  service  be  was  decorated  by  the  King  of 
Portugal  in  recognition  of  services  to  a  distressed  vessel  of  His  Miyesty's 
navy. 

Dr.  Kidder  took  part  in  observing  tbe  transit  of  Venus  at  Kei^elen 
Island,  in  1874,  as  sargeon  and  naturalist  of  the  expedition,  and  the  ex- 
cellent results  of  his  scientific  labors  and  researches  therewith  will  he 
found  described  in  the  Bnlletins  of  the  U.  S.  National  Museum.  Afler 
the  return  of  this  expedition,  Dr.  Kidder  arranged  bis  si>ecimwi8  and 
collections  in  the  Smithsonian  Institntion,  and  commenced  those  kindly 
and  intimate  relations  with  it  which  continued  tliroagh  his  after  life, 
with  tlie  regard  of  all  bis  associates  there. 

In  1878  Surgeon  Kidder  married,  at  Coustaotinople,  Annie  Maiy, 
daughter  of  the  Hon.  Horace  Maynard,  minister  of  the  United  States 
to  Turkey,  and  in  1884,  having  inherited  an  adequate  fortune,  he  re- 
signed his  commission  and  established  his  home  in  Washington,  and 
here  organized  the  bact«rioIogical  laboratory  in  connection  with  the 
Navy  Museum  of  Hygiene,  and  also  made  a  sanitary  survey  of  the  nte 
proposed  for  the  new  Naval  Observatory,  while  later  he  was  appointed 
chemist  of  tbe  U.  8.  Fish  Commission,  and  in  that  capacity  became  one 
of  tbe  most  trusted  advisers  of  ProfesAor  Baird.  His  laboratory  was 
in  the  Smithsonian  building,  and  under  the  direction  of  the  Secretary 
of  the  Institntion  be  made,  at  the  request  of  Congress,  an  exhaustive 
study  of  tbe  ventilation  of  the  Capitol  and  of  tbe  air  in  tbe  Senate 
chambers  and  the  hall  of  the  House,  and  submitted  au  extended  report 
or  the  uae  of  the  comoiittees  engaged  upon  the  sauitaiy  reform  of  tbe 
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building.  In  1887,  after  the  death  of  GommissioDer  Baird,  he  served  for 
»  time  as  Assistant  OommiBsiouer  of  Fisheries,  under  Oommissioner 
Goode.  While  connected  with  the  Fish  Oommission  he  carried  on  a 
successfalseriesofezperiments  to  solve  the  problems  relative  to  the 
temperatnre  of  living  fishes,  which  have  been  made  public  through  the 
reports  of  the  Fish  Commission.  Besides  the  reports  jast  retbrred  to, 
Dr.  Kidder  oontribated  valuable  papers  to  various  professional  and 
educational  publications,  and  held  for  years  a  place  on  the  literary  staff 
of  the  Sew  York  World,  and  maintained  membership  in  many  learned 
societies.  He  was  one  of  the  fonnders  of  the  Ooamos  Clab,  and  among 
tlie  organizers  of  the  Harvard  Olnb  in  Washington,  and  a  prominent 
member  in  the  Masonic  fraternity. 

Id  1888  Dr.  Kidder  accepted  from  the  present  Secretary  the  ap- 
poiobnent  of  curator  of  laboratory  and  exchanges.  His  pleasant  past 
relations  to  the  Institntion,  and  the  esteem  in  which  he  was  held 
by  those  connected  with  it,  made  the  closer  connection  thas  estab- 
lished agreeable  to  all ;  and  the  writer  can  not  speak  in  too  warm 
tenns  of  the  character  of  Dr.  Kidder  as  shown  in  their  business  lela- 
tioDs.  His  liberal  education  and  views,  served  by  the  "  capacity  for 
taking  pains '^  already  referred  to,  were  all  under  the  control  of' the 
moat  conscientioos  regard  for  doty,  and  made  him  a  valued  administra- 
tor of  the  department  under  his  charge.  He  knew  how  to  maintain,' to- 
gether with  exact  order,  the  kindliest  relations  with  all  employed  in  it, 
who,  it  is  safe  to  say,  remember  him  with  an  affection  and  regard  due 
to  his  excellent  personal  qualities,  an  affection  and  regwd  which  the 
vriter  profoundly  shares.  Just  iu  his  best  work,  in  his  fullest  physical 
vigor,  Dr.  Kidder  was  stricken  with  pneumonia,  and  died  after  a  brief 
illneaa  on  the  8th  of  April,  1889. 

His  attachment  to  this  Institution,  which  had  always  been  of  the 
peculiarly  intimate  character,  was  also  shown  in  a  bequest  of  which  I 
sbail  elsewhere  have  to  speak. 

In  conclusion,  I  can  not  bnt  add  to  the  statement  of  this  great 
deprivation  to  the  Institntion  an  expression  of  my  sense  of  personal 
losB  in  the  parting  with  a  friend  who,  in  every  relation  of  life,  was 
a  man  as  honorable  and  worthy  of  trust  as  any  I  have  ever  known. 

JA3IES  STETBNSON. 

In  recording  the  death  of  Mr.  James  Stevensou,  which  occurred  on 
(he  25th  of  last  July,  I  have  to  announce  the  loss  of  one  of  the  most 
valuable  as  well  as  one  of  the  oldest  and  most  active  collaborators  of 
this  Institution. 

Mr.  Stevenson  was  born  iu  MaysvUle,  Ky.,  in  1840,  and  while  still 
little  more  than  a  boy,  in  the  spring  of  1867,  ascended  the  Missouri 
BivOT  with  the  Warren  Expedition ;  and  from  that  time,  with  the  ex- 
cepti(m  of  the  interval  caused  by  his  acceptable  services  in  the  civil  war, 
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be  auuaally  aod  regularly  visited  tbe  Bocky  Mouutaia  regiou,  flret  un- 
der the  aaspicea  of  the  United  States  ExploriDg  ExpeditioDS  of  Warrea 
and  Beynoldu,  and  latterly  iiuder  tliat  of  tlie  IT.  8,  Geological  Survey, 
of  wbich  lie  became  the  exeuutive  ofBcer  vhen  that  organizatioa  first 
took  form,  a  position  in  which  he  remained  up  to  the  time  of  his  dealb, 
His  capacity  and  integrity  were  valued  not  only  by  the  officials  of  tlie 
Survey,  whicli  he  did  so  much  in  connection  with,  but  by  those  of  tbi.1 
lustitution,  for  which  dnring  thirty  years  he  gathered  in  remote  regions 
specimens  of  natural  history,  geology,  and  ethnology,  which  are  jw- 
manent  testimonials  of  his  enterprise  and  his  industry. 

During  the  season  of  1885  he  was  engaged  in  making  an  extended 
search  among  the  pueblos  in  the  Moquts  and  Nayajo  districts  of  New 
Mexico,  and  in  this  elevated  country  he  was  stricken  by  the  dreaded 
disease  which  lurks  there.  I  met  him  in  this  region  in  18S7,  when  he 
was  already  aroused,  thongb  too  late,  to  a  seuse  of  Iiis  danger,  and  am 
glad  to  recollect  the  circumstances  of  an  acquaintance  that  associaf^ 
him  with  the  regions  of  the  West,  in  which  so  much  of  hia  life  had  been 
passed,  where  so  much  valuable  work  was  done,  and  where  I  had  an 
opportunity  to  learn  something  of  his  fertility  of  resource  in  emergeocf 
and  in  tbe  intimacy  of  camp  life,  of  the  amiable  traits  of  bis  private 
character. 

Mr.  Stevenson's  work  was  a  double  one,  for  he  was  equally  at  home 
in  cities,  and  especially  in  Washington,  where  he  was  extensively  known 
among  members  of  Congress,  and  where  the  general  confidence  reposed 
in  him  by  them  was  a  deserved  tribate  not  merely  to  bis  skill  but  to 
his  j>ersonal  integrity. 

Bespectfully  submitted. 

S.  P.  Lanolet, 
Secretary  of  the  Smitkaoaian  Institution, 
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Appendix  I. 

PUBLICATIONS  OF  THE  YEAR. 
SHimSONIAK  CONTRlDUTtO.NS  TO  KNOWLRIMIE. 

A  iMmoir  presented  hy  Prof.  Alphens  HyKtt,  of  MasaacliniietU  InHtitntenf  Tech- 
Dokigjon  the  "  GencHis  of  the  Arietids,"  and  recommended  b;  M^iare.  Alexander 
A|Miii,  CharlM  A.  White,  and  William  H.  DaII,  vran  acrepted  for  pablioatinn  in  the 
KriMof  ContribatioDHtoKnovrledge,  in  Febniar;lfu(t(ltf^).  Inonlerthnt  tlip print- 
ing of  the  memoir  might  be  under  the  convenient  Tevi«ion  of  the  author,  the  trork  w:is 
pUcedin  the  hands  of  John  Wilson  &  Son,  of  Cambridge,  Masc.  The  printing  of  thn 
tn»li«e  is  well  adTanced,  and  it  will  probabi;  be  eonipleled  and  dialributnl  iliiring 
tbeprcMDt  year.  It  will  form  a  Tolnme  of  abont  230  qoarto  pagfn,  illnstraled  l>y  3& 
6gim»  and  14  plates. 

Two  other  pablications  of  the  year  in  th^  qnarto  size  should  lie  tnentioned  hen',  ul- 
tbaogh  not  intended  to  ho  included  in  the  collected  volnnies  of  the  CoulrihnlioiiH. 
No.  671  of  the  Smithsonian  lint  is  "  Natural  Kistory  IlliiHtrntioiis  prepared  under  the 
ilirection  of  Lonia  Agassiz,  1849.  The  Anatomy  of  Aitrangia  Dnnae.  Sis  litho- 
Ki»pha  from  drawings  by  A.  Sonrel.  Explanation  of  thw  plates  by  J.  Waller 
F«*1[e8."  This  issue  represents  merely  a  fragment  of  a  memoir  undertaken  forty 
;ara  ago  by  the  eminent  natnralist,  Lonie  Agasniz,  on  material  collected  by  him 
dnriog  his  Brat  dredging  excnraion  in  one  of  the  steamers  of  the  U.  S.  Coast  Surrey. 
Thi*  memoir,  postponed  by  other  tKcupBtinnn,  wtut  never  vompletcti,  and  even  the 
original  notes  are  no  longer  to  be  fonnd.  But  the  excellpnce  of  the  drawingo  made 
nndrr  his  direction  from  living  specimens  seems  to  warrant  their  publii-ation.even 
>t  this  late  day.  The  text  descriptive  of  the  six  platen,  by  Mr.  Fewken,  occitpies  30 
qnirto  pages. 

67*2.  "Natnral  History  IllnstrdtionR  prepared  under  tbe  direction  of  Louis  Agamiz 
sort  Sptncer  F.  Baird,  l.(M9.  Sin  lithographs  from  drawings  by  A.  Sonrel.  Eipla- 
■i»lioo  of  the  plate«  by  David  Starr  Jordan."  This,  like  the  preceding,  reprewnts 
DKrelja  fragment  of  a  memoir  projected  by  the  Joint  labors  of  the  two  distinguished 
ichthjologista,  and  in  like  manner  laid  aside  under  the  pressure  of  more  iuiuieiliato 
duties.  The  text  explanat«ry  of  tbe  six  plates  is  comprised  in  1'2  quarto  pagcH, 
Were  these  two  brochures  more  recent  and  more  extended  they  would  well  deserve  a 
place  in  the  Smithsouian  Contribntions  to  Knowledge. 

SHtTHSOKlAN  MlSCKLLAtJEOUa  COLLKCTIONB. 

Taking  the  various  publications  for  the  past  year  belonging  to  this  series  in  the 
Mder  ID  which  they  stAnd  in  the  Smithsonian  list,  the  first  is : 

Ko.663,  "Index  to  tbeLiterataroof  Columbium.from  1K)1  to  1887."  By  Frank  W. 
Trapbagen.  This  is  one  of  the  special  bibliographies  of  chemical  literature  pub- 
iisfacd  by  the  Institatlon  on  the  reaommeudatioo  of  the  committee  appointed  liy  the 
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Amerioon  AsBociatioii  Tor  the  AilTkncemeut  of  Soionce,  fur  tbe  purpose  of  pronioting 
■neb  indescB.    Tb«  prewut  number  famia  rh  doMvo  pampbtet  of  30  pitge*. 

664.  "  BibUognphy  of  AetroDom.T  for  tbe  jeu  1887."  By  WiUUm  C.  Wiulock. 
This  Is  in  oontfoiution  of  tbe  wries  of  suob  blbliogrftpbies  heretofore  ftppAodcd  to 
tbe  BegentH'  aonoal  reports.    It  fonns  an  ootavo  pamphlet  of  63  pages. 

665.  "Bibliography  of  Chemistry  for  the  ye^r  1687."  By  H.  CMrlagton  Bolton. 
This  ts  a  SiDillar  oontinnation :  an  odtavo  pamphlet  of  13  pages. 

666.  "Additions  uid  CoTreotions  to  tbe  List  of  Foreign  Correspondenta,  U>  Jaly 
1888."    By  Oeorge  H.  Boebmer.    Octavo  pamphlet  of  36  pages. 

6C7.  "  Systematic  Arrangement  of  the  List  of  Foreign  CorrespoDdeats  toJolj, 
1888."    By  Oeorge  H.  Boebmer.    OotaTO  pampblttt  of  5&  pages. 

675.  "Report  on  Astronomical  ObaervatoTles  for  1886."  By  Geoi^ge  H.  Boebmer. 
(Prom  the  Smithsonian  Beport  for  1886.)    Oatavo  pamphlet  of  119  pages. 

683.  "  Beport  on  SmlibaonlaD  Ezohanges  for  tbe  year  ending  Jane  30, 1886."  By 
Oeorge  H.  Boebmer.  (From  the  SmitbeoniaD  Report  for  1886.)  Octavo  pampblet  of 
•M  pages. 

684.  *'  Hlsoellaneoni  Papers  relating  to  Anthropology."  (From  the  SmitbaoaiSD 
Report  for  1886.)  This  collection  comprises  the  following  articles :  "  The  Bay  OoIIm- 
tion fh>m tbe Hnpa Reservation."  By OtIsT. Mason.  Tbirty-fiTepagea, withseplstes. 
"A  Nav^o  Artist  and  bla  Notions  of  Mechanical  Drawing."  By  B.  W.  Shnfeldt.  FItc 
pages  with  3  plateo.  "  Notes  on  tbe  ODstoms  of  the  Dakotabs."  By  Panl  Beelcwitli. 
Thirteen  pages.  "TheAtnatanasjNatiresof  CopperElver.Alaska.  ByHenryT.AllrD. 
Nine  pages.  "Indians  of  the  Qninaielt  Agency,  Washtngton  Territory."  By  C.  Wil- 
longbby.  Sixteen  pages  with  7  flgorea.  "  The  Stone  Age  of  Oregon."  By  Myron  Eells. 
Thirteen  pages.  "Charm  Stones:  Notesontbeso-oal1ed'plnmniets,'orsinken."  By 
Lorenzo  G.  Tates.  Ten  pages  with  4  plates.  "  Stndies  on  tbe  Archaeology  of  U ichos- 
can,  Mexico."  By  Nicholas  Leon.  Twelve  pages  with  1  plate,  "On  someSpnrioaii 
Mezleau  Antiquities,  and  their  relation  to  Ancient  Art."  By  William  H.  Holmes. 
Sixteen  pages  with  18  flgnres.  "  Earth-works  at  Fort  Ancient,  Ohio."  By  Witliain 
M.  Thompson.  Three  pages  with  1  fignro.  Forming  in  all  an  octavo  pamphlet  of 
133  pages,  illostraled  by  36  figures  and  34  plates. 

685.  "On  certain  Parosltee,  Commensals,  and  Domlcillaia,  in  the  Pearl  Oysten, 
MOeagriMa."  By  Bobert  £.  C.  Steams.  (From  the  Smithsonian  Report  for  1886.) 
Octavo  pamphlet  of  6  pages  with  3  plaies. 

686.  "Time  reckoning  for  the  Twentieth  Centnry."  By  Sandford  Fleming.  (From 
the  Smithsonian  Beport  far  1886.)    Octavo  pamphlet  of  22  pages  with  6  flgnies. 

687.  "  Cattdogne  of  Pnblioations  of  the  Smithsonian  Institation ;  with  a  olasdded 
list  of  aeparate  pnblicatlonB,  and  an  alphabetical  indcK  of  authors  and  snbjeols."  ' 
By  William  J.  Bheee.    This  work  embraces  all  the  articles  pnbltshed  by  the  Smith- 
sonian Instltntlon  from  Its  organiEation,  in  1646,  to  the  Ist  of  Joly,  1886  (a  period  of 
forty  years),  and  forms  an  octavo  volume  of  383  pages. 

688.  "Beport  upon  International  Exchanges,  under  the  direction  of  the  Smithso- 
nian Institution,  for  the  year  ending  June  30,  1B88."  By  J.  H.  Kidder,  onrstor. 
(From  the  Smithsonian  Report  for  18^.)    Octavo  pamphlet  of  IS  pages. 

8MITHSONUN  ANN  DAL  RRPOKTS. 

668.  Report  of  Samuel  P.  Langley,  Secretary  of  the  Smithsonian  Institntion,  fbr 
tbe  year  ending  Jane  30, 1868.    An  octavo  pamphlet  of  1S6  pages. 

676.  Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institntion,  show- 
ing tbe  operations,  expenditures,  and  condition  of  the  Institution  for  tbe  yeareudiog 
Jnne  30, 1886.  Part  i.  This  part,  the  report  of  the  Institution  proper,  contain* 
the  Jonmal  of  Proceedings  of  the  Board  of  Regents  at  the  annual  meeting  held  Jaoa- 
ary  13,  1886,  the  Report  of  the  Exeontive  Committee  of  the  Board  of  Begenis,  tbe 
report  of  Professor  Baird,  the  Secretary  of  tbe  Icstltntion,  with  spbsidiary  report  on 
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Ihc  eicbftngea  for  thu  year,  kod  a  list  of  addltiona  to  the  uumbur  of  foruign  cane 
•pondtDla;  fallowed  b;  the  nsaal  "Q«iiernl  Appendix,"  in  wbioh  are  glv«n  vaiions 
iDlhropological  papera,  by  Otia  T.  HaMU,  B.  W.  Sbnfeldt,  Paal  Bookwilh,  Henry 
T.  AUen,  C.  WiUonghby,  Hyroo  Bella,  L.  O.  Tat«8,  Niobnias  Leon,  William  H. 
Holmes,  and  W.  H.  Tbompaon ;  also  pspera  by  Bobert  E.  C.  SteArns,  HaDford  Flem- 
ing, Lilt  of  AatroDOmieal  Obaeiratoriea,  by  George  H.  Boelimer,  and  Catalogoo  of 
SmiibaoDian  Pablioatione,  by  William  J.  Eheea — forming  an  ootavo  volume  of  sviii 
-f-  878  pagea,  illnitrated  by  31  flgaree  to  the  text  and  HT  platea. 

677.  Aonoal  Beport  of  the  Board  of  Begenta  of  tbe  Smitluoaiau  Inatittitlon  for  tbe 
j«ir  ending  June  30,  IBBd,  Part  U.  This  part  relates  to  the  U.  S.  National  Unseam 
[noder  tbe  direction  of  the  Smithaonian  Inititntioo),  showing  its  progreas  and  condi- 
tiM  and  MHitalning :  (I)  Report  of  the  Aariatant  Secretary  of  tbe  SmlthMnlan  la- 
HitDDen,  O.  Brown  Goode,  npon  the  oondition  and  progresa  of  the  Unaenm  for  the 
TW ;  (i)  reports  of  the  ooraton  of  the  various  departments  of  the  Musenni ;  (3) 
rapoit*  upon  apecial  oolleotlons  in  the  Hnaenm,  and  papers  illnBtrative  of  the  col- 
Itetiona :  the  meteorite  collection,  by  F.  W.  Clarke ;  tbe  gSm  colleation,  bj-  George  F. 
Kinti;  the  collection  of  bnilding  and  ornamental  stone*,  by  George  P.  Merrill ;  the 
eoUeetion  of  textile*.  Qben,  and  fltbrlcs,  by  Bomyn  Hitchcock ;  preparation  of  mi- 
ciMoopiealmonnts  of  vegetable  textile  fibers,  by  the  same;  and  bow  to  collect  mam- 
nul  ikina  for  parpooea  of  atndy  and  monnting,  by  William  T.  Homaday ;  (4)  Bibllog- 
nfhy  of  the  National  Mnsenm ;  and  (5)  liat  of  aaoeaaions  to  the  collections ;  followed 
by  a  genera]  index.  The  whole  forma  an  ootavo  volnme  of  xi  -|-  S42  pages,  iUna- 
Iniad  by  93  Agnres  and  SO  platea, 

PUBLICATIOKB  OF  THK  NATIOKAL  HC8BUK. 

GB9.  PnMaadiog«aftheU.8.IfationalUnsenm,To1.x,fortS8r.  Thlavolnmecontalns 
desttiptlve  papera  by  Tarleton  H.  Bean,  Charles  W.  Beckham,  C.  E.  Bendlre,  Charlea 
R.  BoUmann,  Ellsworth  R.CaIl,E,  D.  Cope,  Carl  H.  Eigenmann,  Cbarlea  R.  Gilbert, 
Tksodoie  Gill,  O.  P.  Hay,  Elizabeth  G.  Hughes,  David  S.  Jordan,  F.  H.  Knowlton,  S. 
B.  Kodher,  George  N.  Lawrence,  Leo  Leaqnerenx,  W.  LtlDeborg,  Edwin  Linton,  Fred- 
crick  A.  Lncas,  Jerome  UoNeill,  BibhardRathbun,  Robert  Ridgway,  B.W.  Sbnfeldt, 
Jntm  B.  Smith,  Leonhard  Stejneger,  Charles  H.  Townaend,  Frederlok  W.  Tme,  George 
ViM]-,  sod  Jo«6  C.  Zeledon.  With  a  general  index,  this  forms  an  ootavo  volume  of 
Till  +  Til  pagea,  illnatrated  by  SSplatea. 

C74.  Bnlletin  of  tbe  U.  S.  National  Mnsenm,  No.  33.  Catalogne  of  Minerals  and 
tbair  Synonyms,  alphabetically  arranged  for  the  use  of  mnaenms.  By  T.  Egleaton. 
Octavo,  196  pages. 

FUBUC^TIOMS  OF  THK  BOHKAIT  OF  eTRNOLOOT. 

SJO,  TiKb  Annnal  Beport  of  the  Bnrean  of  Ethnology  to  the  Secretary  of  the  Smith- 
"kUbd  Institntion.  By  J.  W.  Powell,  Direotor,  This  contains  the  iutrodnctory  re- 
port of  tbe  Direotor,  37  pages,  with  ocoompaDying  papers, as  follows:  Barial  raonnds 
of  the  northern  seotiona  of  the  United  States,  by  Cyrna  Thomaa ;  the  Cherokee  Nation 
oflttdiaos,  by  Charles  C.  Royoe;  the  monntain  chant,  a  Nav^o  oaremony,  by  Wash- 
ington Matthewa;  the  Seminole  Indiana  of  Florida,  by  Clay  MacCauley;  the  relig- 
ion* lib  of  the  Zolll  child,  by  Mrs.  Tilly  E.  Stevenson.  The  work  forma  a  royal 
octavo  volome  of  liil  +  564  pagee,  Inolnding  a  general  index,  and  is  illustrated  by 
n  Bgime  in  the  text  and  S3  plates,  8  of  which  are  chromo-lithographa. 
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WASnis-GTOM,  D.  C,  Norember  20,  1889. 

SiK :  I  Lave  the  bonor  to  anbinit  the  following  lojiort  n[  tlio  opcratioiis  of  the  ex- 
ehjinge  bnreau  for  tbe  tjscal  year  endiog  June  30,  1)^89.  During  tUe  {;rvntiir  jiarl  of 
tfaia  time  the  bnrean  nos  iiuder  tbe  cliarge  of  the  laUi  Dr.  Jerome  II.  Kiilder,  wlioxe 
able  adminiBtration  bas  contributed  lar);ely  to  itH  present  etilt'iencj,  At  tbe  dnte  of 
hia  death,  April  6,  IS^,  Mr.  Boehmer,  upon  nbom  the  cure  of  the  ulUce  immediately 
devolved,  reported  tbat  tbe  exchange  ilcpartmeut,  for  tbe  lirat  time  in  itit  biHtory,hai] 
di«p<Mi«d  of  all  packages  received,  anil  wan  prepared  to  ctoxe  ila  book  accounts. 

In  coDtinnatlon  of  tbe  stutUtici  nanally  prccented,  the  fullowinf;  table  exhibits  Id 
detail  tfa«  exchange  transactions  fur  each  niuiith  uf  the  Iim-iiI  year: 


Transactiotu  of  the  exchange  offu-c  of  the  SmithHonian  Inalitution  during 

thejisttii  yv,ir  IHSS-'Wt. 


NuiDberof  pavkaeea 

W  CI  ijb  tor  pack  ages  recei  veil  (Ibg.) 

Eoiriea  made: 

Foreign 

Domeatio 

Liedset  cirds: 

Furrigu  societies 

I>}nie8iic  societiei 

F'oieigD  Individi 


:tii:.  i,754  ia.2r. 


r.,44rt  -2,7:1;!  la.Giii 


I>>niestic  individuals  .- 

Domeilic  packages  sent 

Invoices  written 


Foreign  ... 
Domealic.- 
2.ett«n: 


H.eai 

U,337 

lif.ua  !i,aiM 

I'j,  lyu 

2.232 
i;028 

9,!>!M 

4,  ir>f)  •i,i8i 

1,5;W  jl,MJ6 

1 

.1,  O'-H 

i,5yo 

1 

■'7B7' 

l,0fi3 
HI 

1 

'i"4io  i.'eif 

2,034  '     341 

4,4:17  ' 
a.  if.2  ■ 
i.r>ii4 

7Htf 
71  ■ 

■m 

W2 
373 

791  1    7(10 
512  ;     USIi 

7(ie 
(i:l7 

8, 
1 47 

1"^ 

ir  '    M 

ItXi       1:<1 

72 

2t)l   . 
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Transactions  of  the  exchange  office  of  tke  Smithsonian  Inslitution  dutvig 
thefltcalyear  1888-'89— Contiimed. 


1B89. 
Feb. 

Har.  '  Apr. 

May. 

June. 

ToUl. 

lB8T-'88. 

Number  of  packftge*  received  . 
Weightof  packftgeareo'd  (lbs.) 

3.9M 
12,233 

4,560 
1.542 

10,431i 
It),  972 

4  304 
1,302 

3.032 
9,931 

1.006 

i,2»a 

5.107 
19.003 

5.18H 
2,076 

12.316 
IJ&.560 

6,266 
1,164 

75,966 
179.998 

46.149 
ie.256 

iM 

4.699 
2.610 
17.816 
14.095 
693 

7,440 
6,882 

)  S14 

859 
.30,!Be 

*5.I54 

Ledger  cards: 

DomeBtlopoekageBaent 

t,S93 
686 
40 

491 
472 

138 
143 

1,4S6 

1.371 

96 

am 

757 

lit 
SSffi 

971 

Bee 

51 

542 
345 

66 
161 

2,576 
985 
57 

424 
928 

82 
1U2 

1.053 

3.468 

124 

387 
583 

112 

4,915 

Casea  abipped  Abroad 

'JO 

LetUra: 

1» 

'Deoreaw. 
Or  Tor  compariiOD  with  the  Dumber  of  packkgu  handled  daring  recent  yean: 


Packagea. 

1886-'8r. 

i887-'ee. 

ISBS-W. 

■  ed 

52,216 

10,294 
41.424 

75.107 

12.301 
62.306 

'"'CU.             

The  small  iocreaae  in  the  namber  of  paokagea  (859)  reoeired  daring  1638.^89  h 
compared  with  the  preceding  flaoal  jears,  though  offset  by  the  large  inoreaae  ia  weight 
(30,998  ponndB),ieacoonnted  for  by  the  fact  that  a  number  of  leKnlarahipmentoltoa 
GoTemmenl  bareans  were  delayed  beyond  the  oloie  of  the  Becal  year. 

KXPBKBX. 

From  an  examination  of  tbe  booka  of  the  dlabnnring  ofiloet  it  appean  that  Ihe 
actual  cost  of  the  exchange  service  for  the  yearhaa  been  (17,152.10,  divided  ai  M- 

Balariea  and  compenaation  of  employ^ $11,479.95 

Salaries  of  foreign  agents  (Londou  and  Leipzig) 1,500.00 

Freight 2,855.83 

Paeking-boxea 586.80 

Pri nil Dg, postage,  atatiooery,  and  mlacellaDeoas 1,031.42 

Total 17,158.10 

Fifteen  thoneand  dollars  of  this  anm  were  appropriated  directly  bj  CongrMB  or 
"the  eipensea  of  theaysteni  ol  international  exchanges  *    *    '.pnder tba dl 
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of  the  Smitliounraii  iDHlitiition,"  tl,%3.M*  irera  repkid  to  tbe  Instilulion  liy  Gotpth- 
iMDt  Depirtmente  1o  nhicb  specific  ftpproprialloiis  had  b«eD  granted  for  (hU  pnr- 
pcae,  l«a*iag  a  deficit  of  tT88-56,  which  was  paid  froin  the  SmtthaoDian  fond. 
Although  all  of  the  GovemmeDt  bareatis  that  have  oeeaaioD  to  tranamit  their 
piblisatiuna  throngh  the  Institntion  arc  not  provided  with  (bnds  available  for  de- 
(nyhig  the  cost  of  the  service,  tt  seems  to  have  t»een  the  intention  of  Congrees  that 
ill  ^eeifie  appropriation  for  the  ezcbaugebosineM  should  be  snpplemeatodb;  special 
^ipTopiiatiotui  to  BOtne  of  the  bnreaiis  and  departments  of  the  Govemment,  so  that 
theebarge  of  5  cents  per  poond  weight  imposed  by  the  legents  io  1876  might  be  met 
bf  them.  The  average  amount  annaallf  repaid  t«  the  iDstitntion  in  tbin  wa;  dnriog 
ItM  past  elereii  yoBTs  baa  been  aboot  |I, 400. 

Dr.  Kidder  etiongi;  recommended,  and  1  beg  to  renew  bis  recommendation,  that 
tUtpitteednre,  for  which  BttflBcient  naaoas  existed  at  the  time  of  its  adoption,  may 
ixnr  be  discontinued  as  no  longer  advantageons  or  economical.  By  the  present 
snicm  the  coat  of  the  service  is  actnally  larger  than  appears  In  tbe  specific  appro- 
priations  for  exobangta,  and,  as  the  special  appropriations  to  tbe  dlffenuit  Depart- 
meals  vai;  from  year  to  year  and  are  often  omitted  altogether,  a  burden  which  can 
not  be  aoeorately  foresMn,  is  imposed  npon  the  Smithsonian  fond. 

In  (nder  to  effect  the  change  contemplated — that  is,  to  collect  in  a  single  item  tbe 
ntire  appropriation  for  international  exchangee,  and  at  the  same  time  to  make 
iliowanoefoc  a  proper  oompensation  to  the  ooean  steam-abip  companiea  for  (t«ight, 
lod  to  bring  the  scbedale  of  salaries  more  nearly  np  to  the  standard  established  for 
(haelaidfied  aervice  of  the  Oovemment — an  eetimate  of  927,500  was  submitted  for 
tlwtbcalyBarlsaS-^. 
Thasnm  wonid  then  have  been  dixided  somewhat  as  follows: 

Salaries |1R  600 

Tnmportation : 

Fhim  Waehington  to  seaboard 12,280 

Ocean  (hiigbt 5,000 

From  point  of  debarkation  to  destination 1,750 

9.030 


ToUl 127,500 

Tbe  amonnt  finally  appropriated  was  |15,000,  no  inorease  having  been  granted. 

CORRESPORDENTS. 

Ihs  namber  of  correapondents  baa  been  increased  dnring  tbe  year  by  2,157,  making 
tbe  total  nmnber  sow  npon  oar  boohs  13,130,  classified  as  foilown: 

Foreign.    Domestic. 


The  items  in  tbe  report  of  the  eiecntive  committee—  92,3V9.99  under  the  head  of 
'rpeaditares  for  exchanges,  and  $2,1H9.52  repayments— include  receipts  and  eipendi- 
tSRsBude  on  aeoount  of  tbe  preceding  fiscal  year. 
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The  geogmpli'tcal  diHtribntiim  is— 


Connti^. 

Establish- 
nioutii. 

iDdiTid- 
U*l«. 

60 

America : 

106 
i,3r.5 

3,610 

1,711 

3,173 

145 

130 

3,766 

9 

G.sai 

■ 

ISTKRKATIONAI.  liXCIIANGE  OF  OFFICIAL  DOCrSlKKTS,  ETC. 

The  convention  betncon  the  United  8tat«8  of  Anieric»,  BolKium,  Braiil,  Italy, 
Portugal,  Servia,  Spain,  aiid  S^'itzerlaud  for  the  iuternatioual  enchango  of  offlcUl 
dociimouU  ami  scientific  and  literary  pulilicalioufi,  as  n'ell  as  thu  oonvontiou  betToeu 
the  same coiiutricH (excepting  Switzerland),  for  the  "immediate  exchange  uf  tliooffi' 
cift]  jonrunls,  parliamentary  annals  and  ilocunients,"  was  ratified  by  the  President  of 
the  United  Static  on  Jnly  Itl,  ISHH,  but  Dtial  ratilicationfl  were  not  exchanged  by  Ibv 
representatives  of  the  contracting  pon'ers  nntil  January  14,  1H8U.  The  convention 
KiiH  proclaimed  on  January  &">,  the  day  following,  and  since  that  dato  formal  nolifi' 
cation  bos  been  received  of  the  ailhcsion  to  lioth  conventions  of  the  Governmi'ul  of 
Uruguay.  The  foil  text  of  these  conventions  wan  given  in  the  Carator'^  TC|)ort  fur 
last  year. 

The  ailhcsion  of  the  Uiiit«d  States  to  the  first  of  theto  conventions  involves  none 
departure  in  the  exchange  service  from  the  methods  of  previous  years;  l)«t  for  the 
fulfillment  of  the  obligations  incurred  by  the  second  cou  vent  ion —the  immediate  ex- 
change of  official  journals — an  appropriation  of  about  $5,000  to  cover  the  nccesMry 
imstage  anil  additional  clerical  awiiatance  is  required,  and  provision  should  be  made 
for  the  prompt  delivery  to  tho  exchange  office  of  the  documents  referred  to. 

This  sum  of  $3,000  was  pstimated  Iq  reply  to  an  inquiry  made  by  tho  Secretary  nf 
State,  dated  February  IS,  lft-'!».  as  to  tlie  ability  ot  the  Smithsonian  lustitution  V- 
execute  all  of  the  provisions  of  the  two  conventions  without  further  legislation  by 
Congress,  and  tho  oHliinate  was  duty  submitted  by  the  Secretary  of  State  iu  a  letter 
to  thel'rcsident  of  tho  Sniialp,  hut  no  appropriation  was  ma^lc. 

While  tho  United  States  is  thns  bound  by  formal  agreement  to  an  exchange  of  its 
ollicial  publications  with  but  eight  countries,  a  fnll  set  of  all  pnblications  receired 
from  the  Uovemmeut  Printer  is  transmitted  to  forty-one  countries  upon  the  I)a«i9  "f 
iiiiitaal  agreement. 

Acompletelist  of  theofflcial  depositories  for  publications  si'nt  abroad  during  thj 
fiscal  year,  in  atcordance  with  the  act  of  Cougrras  of  July  a5,  l*l«,with  a  siatemcm 
of  the  number  of  packages  sent  and  received  from  each  of  the  countries  repre- 
sented, ia  contained  in  the  anuexed  table; 
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Condition  o/ parlianteHlary  exehaitge*,  18t^^'bO. 


Argentine  Repnblio.. . 


Brlgiaai  .. 


IVnmark  . 
Utcmiiiy  . 


Hajti  .... 
lUnibnrg  . 


Xtv  SiiMlh  Walea  . 
Ni*"  Zealand 

Httn'f.  "!".";*!'! 

PnnDRal 

QDwtiBland 

)wntli Austiaiia  .,,. 

^wilierlatid 

Tanmania 

Tnrkey 

Vfne^nela 

Victoria 

Wfirtemljerg  ...... 


Minister  of   Foreign  Affairs,  Buenos 

Ayrea. 
I.  aud  R.  Statistiol  Central  Comniis- 

aiou,  Vienna. 
Minister  nt  Forf  i|;n  AfTairB,  Karlarutic. 

Royal  Pablic  Library,  Munich 

Ruyal  Piililio  Library,  BriiBuflu . . . . 
MJiiiBtiTiift'on-iitiiAirairHufthel'rov-  | 

Central   CommiHsion  of    ExcLaugea,  { 

Rio  Janeiro. 

Furliauientary  Library,  Ottawa 

Legislative  Lilirary,  Toronto 

National  Library,  l^antiago 

National  Library,  Bogota I 

Royal  Library,  Cii|>rubagen I 

Exchange  Bureau,  Paris I 

Library  of  tbe  Geruiau   PBrliamcnt, 

Berlin, 

Rritisb  Mueonui.  Ixnilon ' 

United  National  and  Univeraity  Li-  I 

brary,  Atbons. 
Minister  of  Foteign  AlfalTa,  Port-aa-  | 

City  GovernmenI,  Hambnrg I  ■ 

Hiuister  of  Foreign  AO'ails.  Honnlnlu.l. 
Library  of  tbe  Parliament,  The  llagiio. I 
President  of  tbe  Hungarian  Miuiatry, 

Bnda|iest. 
Secretary  to  tlieOovernmentof  India,  i 

Calcutta. 
National   Victor  EmauacI    Lil>rary, 

Minister  of  Foreifin  Affaire.  Tok  in 

MiDiattr  of   Justice   and    Public 
Btrnction,  Mexico  City. 

Pari  lament  Dry  Lilirary,  Sydney 

Parliamentary  Library,  Wclliiij-'on... 

Tbe  Royal  (iovernnient,  Cbriiiliania 

National  Library,  Lima 

Minister  of  Fore i!;n  Affairs,  Litibun.. 

Royal  Public  Library,  Berlin 

Colonial  Library,  Briiibano 

Imperial  Public  Library,  St.  Peters- 
burg. 

Royal  Public  Library,  Dresden. . 

Government,  Adelaide  ...... 

Government,  Madrid 

Royal  Library,  Slockbolm 

Central  Library,  Bern 

Parliamentary  Libraiy.IIobart  Town. 

General  Ottoman  Library,  Constan- 
tinople, 

University  Library,  Coracn a 

Pnbliu  Library,  Mellmnme 

Royal  Public  Library,  Stuttgart 

Total 
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The  DtterloMleqaMiy  of  theretnnirewivwlby  th«  UnilodSUtw,  6,448  ToluBMitDd 
pampUeta  for  32,673  Mut  ont,  ia  but  a  repetition  of  tbeezperieuMof  previouTetn, 
and  hM  b«eD  dwelt  upon  at  length  In  former  reports.  Tlie  AoatriMi  OoTenunsnt 
forms  s  notable  exception  to  the  general  apathy  of  foreign  nations  in  the  mat(«, 
hanng  trsDamitted  4,436  volames,  iuoluding  oomplete  and  rery  valuable  aeta  of  Pti' 
liraentary Proceedings;  anditishopodtliatnegotistlDnBnow  iDpragTeMwillrMait,iii 
the  near  future,  in  a  more  equitable  and  satiafactory  eiobange  with  other  natioiw, 
more  Bspeoially  vitb  England  and  Qermany. 

If  a  oomplete  account  of  all  "governmental"  exchange  boainess  earned  by  tht 
Smithsonian  InHtitntion  ia  uade,  that  is,  if  all  pablioationa  sent  or  received  by  (lie 
Oovemment  and  ita  hnreana  are  included,  it  appears  that  9,335  packages  were  re- 
ceived and  forirarded  to  United  States  Government  Departments,  incladlng  the 
Library  of  Coagress,  while  25,671  wetesent  abroad  through  the  exebange  servioe  fnui 
the  same  Departmeuta.    The  apportionment  among  the  different  conntriea  isabown 


portmental  Bareaus,  in  oxcbaage  with— 

Nnmber  of  pablicaUoaa- 

Sent  by  the 
United  HUtee. 

Beoeivedbytbe 
United  SUtcs. 

47 

i.m 

753 
5S3 
063 
697 
796 

1,171 
601 
6 
572 
76 
6H0 
1 
803 

1,147 
807 
566 
5^ 

563 
603 
593 
634 
fi67 
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579 
591 
6d4 
3 
562 

la 
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Gi7 
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Th«  UDit«d  SlaUN  Guveruiueut,  iocloding  De- 
partmeutol  Bnieatu,  id  excbkug^  with— 

Nnmber  of  pnbliofttioDS— 

Sent  by  tlia 
Uuited  gtalM. 

Keceived  by  tbe 
United  8Ut««. 

561 
553 
553 
15 
5.2 

ew 

Vi 

ErriClBNCY  OF  TUK  SKRVtCK. 

While  A  marked  impiovMnent  Appeusto  havetftkea  pUoe  in  tbeexohauge  »erv- 
m  dnriog  tbe  p*at  few  yean,  atill  fartber  improvements  are  no  donbt  deurable  and 
poMible.  The  plao  adopted  by  Dr.  Kidder  of  follontDg  Dp  promptly  BDd  ^iligently 
«11  compUints,  or  failnres  of  packages  to  reaeh  their  destiDatiaoB,  baa  prodaced  ex- 
cdltmt  reanlls.  Tbe  delays  doe  to  the  fact  that  tbe  Smithsoniao  iDstitutiou  is  do- 
pndent  npon  tbe  generosity  aad  public  spirit  of  moat  of  the  ocean  steam'Sliip  lines 
TDTtfae  tne  transportatioD  of  it«  esohange  boxea  will  be  provided  against,  if  the  ap- 
popriatioD  asked  for  is  grsDted  by  Congreas.  The  delays  which  occur  id  some  of 
(he  fbreign  bnreaDs,  dne  to  indifference  or  to  InaufflcieDt  olerical  force,  are  at  prea- 
eot  beyond  the  oontrol  of  the  Inetitntion.  Where  regntarly  paid  ageooies  have  been 
fsUbliihed,  aa  io  London  and  Leipzig,  tbia  eanss  of  embarraBsment  to  the  sei'Viee  no 
lODger  exists,  and  all  packages  are  trananiitted  with  promptoeaa. 

Still  another  difflcolty  arises  from  an  Inadeqaate  or  enoneoas  address  npon  tbe 
packages,  rendering  It  neoeasary  for  the  agent  to  bald  them  niitil  tbe  error  or  amis, 
rim  can  be  coireoted  by  correspondenoe.  Inoreased  attention  to  this  point  ou  the 
part  of  thoae  who  bare  occasion  to  send  publications  through  tbe  exchange  service 
will  assist  materially  in  decreasing  the  nnmber  of  delayed  transmtsaions. 

Ad  important  need  of  tbe  exchanKO  hnrean  is  a  more  complete  index  to  the  early 
records,  bat  with  the  preaent  clerical  force  this  additional  work  can  not  be  effect- 
Bally  undertaken. 

I  take  pleaanre  in  bearing  witoeaa  to  the  failhruluess  and  efflcieacy  of  tbe  em- 
jivjit  of  the  hnrean,  and  to  tbe  prompt  attention  to  the  interests  of  tbe  InstltutioD 
<a  its  Ibreign  agenta,  Uesars.  William  Wesley  &.  Sou,  at  London,  and  Dr.  Felix  Flft- 
gel,  M  Leipzig. 

The  employ^  of  the  boreaa  receive  mncb  lower  aalariea  than  thoae  estabtiahed  fur 
Milir  gndee  of  work  by  the  claadfled  lists  of  the  Oovemuient  Departments,  and 
il  li  mani&etly  to  tbe  interest  of  the  service  t«  be  able  to  retain,  by  reasonable  ex- 
fntatlou  of  promotion,  men  who  have  acqnired  peculiar  and  valuable  experience 
in  tbe  exchange  transactions. 

Gratefol  acknowledgments  are  due  tlie  following  trauaportJtion  companies  and 
Irnu  fbr  their  continued  liberality  in  granting  free  freight  on  exchange  parcels  and 


Allan  Stearo-ebip  Company  (A.  SobumaCber  it,  Co.,  agents),  Baltimore. 

Anchor  Steamship  Line  (Honderaon  &  Brother,  agents).  New  York. 

Atlaa Steam-ohlp  Conipany  (Pirn,  Porwood  &.  Co.,  ageuls),  New  York. 

Bailey.  H.  B.,  &  Co.,  New  York. 

Bixby,  Thomas  E.,  A.  Co.,  Beaton,  Maoa. 

floriand,  B.  B.,  Hew  York.  p  ,„,  ..^  ,^,  CoOqIc 
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BoulloD,  BlisB  &  DulJell,  Now  Yurk. 

Caraerou,  B.  W.,  &  Co.,  Ntw  York. 

CoDipagnio  G^ii^ralo  TraoHatUtiliiiuo  (A.  Forgel,  ngeot),  New  York. 

Cunord  Royal  Mui]  SU>am-eb[ii  Line  (Vemou  H.  Brown  &,  Co.,  ageuU),  Nev  fork. 

DeuuisoD,  Tliouaa,  Now  York. 

FloHo  Rubnltiuo  Line,  Now  York. 

Hamburg  Aiiicricau  Packet  Company  (.KuDbardt  &  Co.,  agents},  New  York. 

luniaa  Steam-s^ip  Company,  New  York. 

Merchauta'  LJoe  of  Steaniem,  New  York. 

MuOoz  y  Eapriolln,  New  York. 

Hurray,  Ferris  &  Co.,  New  York. 

NetheTlonds  Auiericao  Steant  Navigation  Companf  CW,  H.  Vanden  Tooni,  agent), 
New  York. 

New  York  anil  Brazil  Stonm-nhip  Company,  New  Yc)rk, 

New  York  and  Me>^ico  Slvam-sliip  Company,  Nnw  York. 

Nortli  Gerniau  Lloyd  (agenia,  Oelrichs  &  Co.,  New  York;  A.  Scliumacliei  &,  Co., 
Baltimore). 

Pacitlc  Mail  SleaniBliip  Company,  New  York. 

Panama  Railroad  Comp.'kny,  New  York. 

Red  Star  Line  (Peter  Wright  &  Sous,  agents),  Pliiladelphia  and  New  Y'ork. 

White  Cross  Line  of  Antwerp  (Fniich,  Edye  &  Co.,  agent*),  New  York. 

Wilson  Si,  Aamua,  New  York. 

Id  conuliiijion,  I  beg  leave  to  add  a  Hst  of  correspondenta  that  conrteoualy  act  u 
agents  of  Ibe  luHtitutioo  for  the  transmission  of  cichangea,  and  also  a  copy  of  tl« 
rules  of  tlio  eichange  service,  catling  especial  attention  to  the  necessity  of  obserr- 
ing  rales  3  and  H,  wliicb  provide  that  ull  packages  sent  aball  be  carefully  addnand, 
and  that  all  packages  received  from  the  Smithsonian  slinll  lie  promptly  acknovt' 
edged  npon  the  receipt  form  which  will  always  be  fouud  iuoioaed  therein. 


A3  ITS   AOIiKTS   FOIt  TSK  I^^TERNATIONAI.   BXCIlANaES. 

Algeria:  Bureau  Fran^aiBdes  Kchauges  lutematiouaux,  Paris,  France. 
AuHtria-Hungary:  Dr.  Felix  Flligel,  !>7  Sldonitrii  Stroasc,  Leipzig,  Germau.y. 
Brazil:  Commissiio  Central  Braiiileira  du  Peruinl^ufiiM  luterna^ionrkes,  Rio  Jauein). 
Belgium :  Cuinmission  dcs  Ecliaugen  Internationaux,  Rue  da  Mnsee,  No.  !>,  Brux- 

Britiab  America:  McGitI  College,  Montreil ;  or  Geological  Survey  Otiice,  Ottawa. 
Britisb  Colonies:  Crown  Agents  for  tbe  Colonies,  Luudou,  England. 
Brilisb  Guiana:  The  Observatory,  Georgetown. 
Cape  Colony ;  Agent-general  for  Capo  Colony,  L'>udun,  England. 
China :  Dr.  D,  W.  Doberck,  government  astronomer,  Kong-Kong ;  for  Sbangbai, 
United  States  uousul-geueral,  Sbangliai. 
Chill :  Museo  Nacional,  Santiago. 

Colombia  (United  States  of):  National  Library,  Bogolii. 
Coata  Rica :  Bibliotuca  Nacional,  San  Job6. 

Cuba:  Prof.  Felipe  Poey,  Caltodel  Principe  Alfonso,  No.  41G  Havana, 
Denmark :  Koug.  Dausko  Vidcu  ska  hemes  Sulskab,  Copenhageu. 
Dutch  Guiana:  Surinaamsche  Koloniaalo  Bibliothcek,  Par.Luiaribo. 
East  India :  Secretary  to  tho  Ooverum^ut  of  India,  Calcutta. 
Ecuador;  Observatorio  del  Colegio  Nacional,  Quito. 
Egypt:  Institnt  Egyption,  Cairo. 

France :  Bureau  Fraiitais  des  Ecbangcs  lutomationau::,  Paris. 
Geruiauy :  Dr.  Felii:  Flligel,  57Sidouieu  Straasc,  J^eipzig. 
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Great  Britain  and  IrelsDd:  William  Wesley  &  Sod,  28  Esaes  street,  Strand,  Londou. 
Greece:  United  National  and  Duivenlty  Library,  Athens. 
Gnat«ni»la:  iDBtilntoNaclotial  de  Guatemala,  Ouateuala. 
Gudnioape:  (.Same  aaPnnce.) 

Haiti :  B^r^taire  d'etat  de«  relations  ext^rjeuree,  Port  au  Prince. 
Iiluid:  lelauda  Stiptisbuitasllfn,  Eeybjavik. 
Italy:  Biblioteca Nozionale  Vittorio Emanuele,  Rone. 
Jspan :  Minister  of  foreign  Affaire,  Tokio. 
J>?a:  (Same  as  Holland.) 
Liberia:  Liberia  College,  Monrovia. 

Hadeira :  Director^Oeneral,  Army  Medical  Department,  London,  England. 
MilU:  (Same as  Madeira.) 

Uinritina:  Boyd  Society  of  Arts  and  Sciences,  Port  Louis. 
UiKambiqne:  Soeiedad  de  Oeograpbia,  Mozambitiae. 
Hnico:  Br.  Ministro  de  Jnsticia  e  lostrnccioD  Ptiblica,  City  of  Mexico. 
Vew  Caledonia:  Gordon  &  Gotcb,  Loudon,  England. 
NewftoDndland :  Postaiaater-General,  St.  Jobns. 
New  Sonth  Wales:  Royal  Society  of  New  Sonth  Wales,  Sydney. 
Ncthsrlands:  Baiean  Scientiflqne  Central  N^crlandais,  Leiden. 
Ken  Zealand :  Colonial  Mnseum,  Wellington. 
Koririy:  Eongelige  Norske  Frcderiks  Uuivcrsitet,  Cbristiania. 
Pangnay:  Govemmeot,  Asuncion. 
Pern-.  Biblioteca  Nacioaale,  Lima. 

Philippine  lalands:  Royal  Economical  Society,  Manilla. 

Polyoeaia :  Department  of  Foreign  Affairs,  care  of  Capt.  H.   W.  Mist,  Honoluln. 
PortDgal:  Bibliotbeca  Nacional,  Lisbon. 

Queensland :  Go-vernment  Meteorological  Observatory,  Brisbane. 
Eooinuua:  (Same  as  Germany.) 

Riiieia:  Commianon  £uaae  des  Eobaoges  Interiiationaux,  Bibliotbftque  Impgriale- 
Fnbliqae,  St.  Petersbiti^. 
St.  Helena:  Director  General,  Army  Medical  Department,  London,  England. 
San  Salvador :  Hnseo  Nacional,  San  Salvador. 
Serria;  (game  aa Germany.) 

BoQtb  Anstralia:  Astronomical  Observatory,  Adelaide. 
8pain:  R.  Acodemia de Ciencias,  Madrid. 

tiwedta:  Kongliga  Sevenska  Vetenskaps  Akademion,  Stockholm. 
Sviturland:  Central  Library,  Bern. 
Taanunia:  Royal  Society  of  Tasmania,  Hobarton. 
Turkey;  Bibliothbqne  0£n6rale  Ottcruane,  Conntantinople. 
Dmgitay:  Bnrean  de  Statistiqne,  Montevideo. 
Teoaaela:  Dniveraity  Library,  Caracas. 
Victoria:  Public  Library,  Mnsenm,  and  National  Gallery,  Melbonme. 

KUU8  FOR  THE  TRAN3UIS8I0N  OF  eClENTII'tC  AttD  UTERARY  KXCHANOES. 

1.  TranimisMons  throngh  the  Smithsonian  Institution  mitst  be  confined  exclusively 
to  beoki,  pamphlets,  charts,  and  other  printed  matter  sent  as  donations  or  exchanges, 
and  can  not  include  those  procured  liy  purchase. 

The  Inslitotjon  and  its  agents  will  not  knowingly  receive  for  any  address  pur- 
cha»ei!  books,  nor  apparatus  ond  instruments,  philosophical,  medical,  etc.  (including 
laicmeeopes),  whether  purchased  or  preHenled ;  nor  siieciniens  of  natural  history,  ex- 
ce]it  where  special  permisaion  from  the  Institution  has  hrea  obtained. 

i.  Before  transmission,  a  list  of  packages,  with  the  address  on  each  package,  is  to 
be  mailed  by  the  sender  to  the  Smithsonian  Justitntion,  when  sent,  from  the  United 
Stal*»,  or  to  tbe  foreiRu  agent  of  the  Institution  when  sent  from  abroad.  The  lusti- 
tatiOD  must  be  informed  by  mail  of  each  sending  on  ihci  day  of  trnnsniiaaiou, 

3.  Packages  must  be  legibly  addressed  and  indnrsed  with  the  uoiuo  of  the  sender. 
H,Mi»,234 (i  r,,„,,„G00glc 
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e  eiivetiipud  iu  atuQ(pEk]icT,  secorely  cloaed,  and  tied  withaliang 
siuglu  addrusa  is  allowed  to  exceed  oDe-balf  or  one  cubic  fool 


outain  a  black  ackootvli.'dgiiient,  to  be  signed  aud  returned  b; 

ired,  tbe  fact  sbonld  be  e:(plic)tl;  stated  no  the  package, 
ed  tbroii|;b  tbc  ogeuc;  of  tbe  SuiitbHOniau  Inatitntioo  mnat  be 
It  di'liiy  by  lu:iil. 
aBBDtuea  no  reaponaibilily  beyond  t bat  of  tbe  delivery  of  the 
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REPORT  ON  THE  UBRAHV. 


Sir:  I  hare  tbu  liouor  res|>eclfu11y 
dtlring  the  year  from  Jnlj-  I.  \^^.  tc 

The  work  of  r«conliu);Huii  cariug  I 
precedJDK  v<far.  tlin  entry  Diimboro  i 

iat,4»o. 

TbefollowiDg  condensed  stateineut  abows  tlie  nnmbec  aud  character  of  tbese 


sabniit  mv  report  on  tbe  work  of  the  library 
oDe  30,  1889. 

biM  b«eu  carried  on  as  dnrioK  tbe 
book  ruuoing  from  llii,mO  to 


PUBLICATIONS  KECKIVBD   BBTWEBN  JULY  1,  1888,  AND  JUNE  30,  1889. 

Tolnmcfl: 

OcUvo  or  smaller 1,002 

Qoartoor  larger 498 

Futaof  volnmes: 

Octavo  or  BDialler 5,551 

Qnarto  or  larger 6,640 

Pimphlets: 

Octavo  orHmalier 2,705 

Quarto  or  larger 473 


Total 17,353 

Ortbeito  acceMJous.  4,810  (Damely,  441  volnmcB,  3,752  parts  of  voIuineB,  aud  GI7 
pwupbletB}  nere  KtaiDed  for  nae  id  tbe  MuHeum  library,  and  521  medical  diHaorta- 
lions  vera  deposited  in  the  library  of  tbe  SurgeoD-Oeneral's  Office,  U.  8.  Army. 

Tbe  remainder  were  promptly  sent  to  the  Library  of  Congreaa  on  the  Monday  fol- 
lowing their  receipt. 

Imoaa  the  inoit  important  additions  to  the  list  of  aerials  dnriog  the  year  may  bo 
•peciSed  tbe  following  pablioations: 


imerican  Angler. 
American  Field, 
American  Orocer. 

Bdllettino  di  paletnotogia  Italiana. 
Conno*  (foTmerly  "  Les  Houdea"),  Paris. 
Eipott  Jonmal. 
■''oKst  LeavM. 
Guietta  Chimica  Italiana. 
HiDimel  nnd  Erdo. 
Jodmal  of  American  Polk-Lore. 
Journal  of  the  Oypsj  Lore  ijociety. 
Jontnal  of  the  Marine  Biological  Associa- 
tion of  the  United  Kingdom. 
Jonmat  of  tbe  Society  of  Chemical  In- 

Ufe-Lore. 

lUoDfactDTer  and  Inventor. 

Ueoonb. 


Sionatehefta  filr  Chemie  (pubHahcd   by 

the  Vienna  Academy  of  Sciences). 
"Old  New  York." 
Orientalisobe  Bibliographie. 
Pittonia. 

PraktiHche  Pbysik. 
Recueii  ites  Travans  Cbimiqiios  dcsFuys- 

Bae. 
Reiiorts  from  the  laboratory  of  the  Royal 

CoUcce  of  Physicians,  Edinburgh. 
Research. 

Revue  des  Tr&<litions  Populuiri.>!>. 
Revisia  di  Miueralogia  o  cristallogriilla 

Ilaliana. 
Shooting  and  Fiabing. 
The  Steamship. 
Studies  from  the  Mn»ieum  of  Zoology, 
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Tlie  following  QniTeraities  buve  seut  couj|)let«  veto  of  all  tlieir  acAdeuiio  publication* 
for  the  your,  iucludjag  the  inaugural  diBSBTtatioua  delivered  b;  the  etadeota  ou  grada- 
ation :  Bern,  Bonn,  Durpat,  Erlan|reu,  Freiburg-im-BreiHgaD,  Oieaaen,  Gottingen, 
Halk-nn-der-Sanle,  Heidelli erg.  HoliiiDgfora,  Jena,  Kiel,  Kooigaberg,  Leipzig,  Lou- 
vaiu,  Lund,  Tubingen,  Utrecht,  and  WQrzhnrg. 

Among  other  important  ncceasions  during  tlie  year  may  be  mentioned  tbefoIlowiDg: 

Prom  the  office  of  the  secretary  of  state  for  India,  Loudon,  a  large  series  of  Indiia 
Governiuont  publications,  including  the  final  volumes  (Vols.  12,  13,  and  14)  of  tbe 
great  Gazetteer  of  India,  and  PaTt  I  of  tbe  Catalogue  of  Sanskrit  Hannscripts  in  the 
library  of  the  India  Office ;  full  seta  of  official  publications  from  the  Italian  Govern* 
moiit,  tbeCaua<1ian  Oovccumont,  and  tbe  colonial  governmentof  New  Zealand;  from 
the  Museum  d'Histoiro  Naturello  at  Lyons,  the  two  magniflcenl  works,  Arcb&ilogie 
lie  la  Meuse,  by  F.  Lidoard,  in  -six  large  volauios,  and  Recbercbes  Antbropologiqnee 
dans  le  Caucase,  by  E.  Cbantre,  in  five  large  volumes;  Mnenra  et  Honnments  Ft^bi»- 
toriqnes,  from  the  author,  the  Marquis  de  Nadaillac ;  a  further  set  of  scientific  papers 
from  Prince  Albert  of  Monaco;  Catalogue  des  Monnaies  Mueulmanes  de  la  Biblio- 
thfeque  Nationalc,  from  the  National  Library  in  Paris;  Vol.  3  of  the  Beporta  of  the 
German  Commissiou  for  tbe  Observation  of  tbe  Transitof  Venus;  Vols.  26,  27,  28,  29, 
30,  and  31  of  the  Challenger  Ke]>ort  (Zoology),  from  tbe  British  Government;  from 
tbo  Egypt  Exploration  Fund,  the  Memoirs  on  Tanis,  Part  II,  The  Store-City  of 
Pithoni,  Naukratis,  Part  I,  and  Tbe  Shrine  of  Saft-ol-Honneb,  tm  well  as  a  complete 
set,  in  duplicate,  of  all  the  memoirs  published  by  this  association,  presented  to  tbe 
Institution  ns  a  return  for  ile  services  in  distrihuting  the  publications  of  the  asso- 
ciation in  America;  the  first  volume  of  tbe  Fossils  of  the  British  Islands,  pre- 
sented by  tbe  delegates  of  the  Clarendon  Press,  Oxford ;  a  large  volume  of  Hemoin 
on  Whales  and  Seals,  from  the  author,  Sir  William  Turner,  Edinburgh;  a  set  of 
nineteen  large  volumes  and  pamphlets,  catalogues  of  manuscripts,  and  special  col- 
lections of  books,  from  the  Boyal  Library  at  Berlin ;  the  third  section  of  Vol.  i  of 
the  greatCorpusInscriptionum  Atiicarum,  from  the  same  library ;  aseriesof  fonrteeo 
catalogues  of  tbe  various  collections  in  tbe  Boyal  Museum  at  Berlin ;  a  complete  file 
of  the  Keitacbrift  filr  Ethnologic;  from  IfiSi  to  date,  from  tbe  Berliner  Geaellscbaft 
fiir  Autbropologie,  Ethnologic,  und  Urgcscbiclite ;  full  sets  of  publications,  including 
charts  from  tbe  hydrographic  offices  of  Great  Britain,  Denmark,  Italy,  and  Rnssia; 
Vol.  I  of  EipMitions  Scientifiques  du  Travailleur  et  dn  Talisman,  containing  tbe 
fishes,  by  L.  Vaillant,  from  the  Bureau  FraufaisH  des  Exchanges  luterualionaux,  which 
also  sent  a  large  series  of  other  important  publications  of  the  French  OoTemment;  a 
largo  series  of  government  reports  fVom  the  Hawaiian  Government;  Mean  Scottish 
Meteorology,  from  the  author.  Prof.  C.  Piazzi  Smyth ;  Part  5  of  Lilljeborg'B  Sverigei 
och  Norges  Fiskar ;  and  a  gorgeously  illustrated  work  from  his  highness  the  Mahar^a 
of  Ulwar,  entitled  Ulwar  and  its  Art  Treasures,  by  Thomas  Holbein  Hendley. 

Very  respectfully  submitted. 

John  Murdoch, 

lAbrarian. 

Prof.  8,  P.  Lanolby, 

Secrtkir!/  of  ihe  Smithtonian  Initilution. 
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ADVERTISEMENT. 


The  object  of  the  Oenbbu.  Appendix  to  the  Anoual  Report  of  the 
Smithsonian  Institution  is  to  fiirniali  brief  accouDts  of  acieiiti&c  disvov- 
eo"  in  particalar  directions ;  occasional  repons  of  the  investigations 
made  by  collaborators  of  the  Institution ;  memoirs  of  a  general  charac- 
ter or  on  special  topics,  whether  original  and  prepared  expressly  for  tho 
parpoee,  or  selected  from  foreign  journals  and  proceedings ;  and  briefly 
to  present  (as  fully  as  space  will  permit)  such  papers  not  published  in 
Ibe"  Smithsonian  Contribntions"  or  in  the  "Miscellaneous  Collections" 
HB  may  be  fiuppose<l  to  be  of  interest  or  value  to  the  nnmerona  corre- 
Bpondents  of  the  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Regents  of  the  Smith- 
soDJan  Institution,  from  a  very  early  date,  to  enrich  the  annual  report 
required  of  them  by  law,  with  memoirs  illnstrating  the  more  remarka- 
ble and  important  developments  in  physical  and  biological  discover^', 
as  n-ell  as  showing  the  general  character  of  the  operations  of  the  lusti- 
tQtion ;  and  this  purpose  has,  during  the  greater  part  of  its  history,  been 
curied  out  largely  by  the  publication  of  such  papers  as  would  possess 
an  interest  to  all  attracted  by  scientific  progress,  so  that  the  appendices 
of  the  aunaal  reports,  during  the  years  down  to  ISSO,  have  been  almost 
wholly  so  occupied. 

In  1880,  the  Secretary  ,  induced  in  part  by  the  discontinuation  of  an 
annaal  summary  of  progress  whicb  for  thirty  years  previous  had  been 
issned  by  well-known  private  publishing  firms,  had  prepared  by  com- 
petent collaborators  a  series  of  abstracts,  showing  concisely  the  promi- 
nentfeaturesof  recentscientiflc  progress  in  astronomy, geology,  meteor- 
ology, physics,  chemistry,  mineralogy,  botany,  zoology,  and  anthropol- 
ogy. Other  snbjectswhich  might  properly  have  been  included,  snch  as 
those  of  terrestrial  physics,  hydrography,  microscopy,  etc.,  as  well  as 
the  more  practical  topics  of  general  technology,  were  omitted,  both  for 
want  of  time  and  wantof  space,  so  that  from  the  outset  the  impractica- 
bility of  a  review  of  the  whole  field  was  recognized. 

It  has  already  been  mentioned  in  the  annual  report  for  1888  that  these 
latter  provisions  seemed  jnatiQed  by  further  esperience  until  in  1886, 
the  incompleteness  of  the  special  record,  the  discouragements  from  the 
increasing  delays  encountered  in  tlie  printing  of  those  summaries,  the 
recent  multiplication  by  private  enterprise  of  special  books  and  period!' 
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(!al«  ilcvotod  to  critical  HiimmarioH,  .uu\  otber  cousiilerations,  induced  a 
teuiporary  suspension  of  tlic  project ;  while  it  was  added  that  with  every 
effort  to  secure  prompt  attention  to  the  more  important  details  of  tbe 
survey  of  the  autiual  progress  of  ecieatitic  discovery,  experience  has 
shown  that  it  is  impracticable  to  obtain  all  the  desired  reports  in  each 
department  within  the  time  prescribed,  that  the  plan  attempted  of 
bringing  up  tbe  deficiencies  in  subsequent  reports  lias  not  proved  en- 
tirely satisfactory,  and  that  in  view  of  these  delays,  of  the  ever-increas- 
iDg  range  of  complexity  of  tbe  subjects  to  be  treated,  and  of  other  coa- 
slderations,  it  is  probable  that  it  may  be  thought  advisable  to  revert  to 
the  accustomed,  and,  it  is  believed,  more  widely  acceptable  plan  of  pub- 
lishing yearly  papers  selected  with  a  principal  view  to  their  general 
scientific  in  terest,  rather  than  to  attempt  the  continuation  of  summaries 
chiefly  of  imiiortance  to  the  professiona]  student 

The  earlier  established  plan  of  the  annual  reports  is  followed  in  this 
volume,  though  not  to  the  exclusion  of  such  summaries  as  may  be  con- 
nected with  the  recognized  fields  of  labor  of  the  Institntion. 
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Prepared  by  Prof.  Albert  Guttstadt,  M.  D." 
Trana1at«<l  and  condeoHed  by  Orokgb  H.  Boehhbr. 


I.-THE  ROYAL  ACADEMY  OF  SCIENCES. 
(PkygicoMatkemutical  Clasg.) 

The  Royal  Academy  of  Sciences  was  established  io  1701  by  King 
Frederick  I,  upon  the  soUcitatioQ  of  Leibnitz  sad  received  tbe  name 
"Royal  Society  of  Sciences;"  the  word  Academy  was  sabstitnted  in 
1744  on  occasion  of  tbe  reorganization  of  the  society  under  Frederick 
tbe  Great.  The  statutes,  approved  by  royal  decree  of  Marcb  28,  1881, 
explain  the  object  and  compositioQ  of  tbe  society  as  follows : 

The  Academy  of  Sciences  isasocietyofscientists  whose  object  it  is  to 
promote  science  without  being  required  to  a<lber»  ta  any  plan  of  instruc- 
tion. It  comprises  four  classes  of  members,  but  in  »  more  limited  sense 
it  is  formed  by  the  whole  body  of  regular  members,  wlio,  under  the 
direction  of  the  secretaries  attend  to  tbe  affoirs  of  the  entire  acitdemy. 

The  Academy  possesses  the  rights  of  a  privileged  corporation,  baa  its 
own  seal,  owns  its  premises,  has  its  ontf  fnnds  and  a  regular,  guaranteed 
income  wbicb  it  dispenses  according  to  the  adopted  rules. 

For  the  conduct  of  some  of  its  affairs  the  Academy  has  formed  two 
sections:  the  physico-mathematicat  and  tbe  philosophical- historical 
clsss.  {Formerly  four  classes  existed,  but  since  1830  they  became 
united  into  two.) 

Each  section  manages  its  own  affairs.  No  difference  of  importance 
exists  as  regards  tbe  two  sections. 

The  membership  is  formed  of:  (1)  regular  members,  {2)  foreign  mem- 
bers, (3)  bonorary  members,  (4)  corresponding  members.  Tbe  houorary 
members  are  not  assigned  to  any  special  sections;  all  other  members 
an  assigned  to  the  respective  sections  and  can  belong  only  to  that 
Bectiou. 

Tbe  seniority  of  ordinary  and  foreign  members  is  regulated  by  the 
tine  of  their  election. 

'" Dit  natarwiitetuehti/iliehtn  and medioiniKcben  StaaUanstaftrH Berlins,"  compiled  as 
k  iiMmorial  volame  ol  the  flfty-ninth  meeting  of  the  Association  of  German  Natural- 
i>>s  Md  Physician*,  b^  authority  of  Dr,  von  Gossler,  minister  of  woraliip,  e,ducatiou, 
udiaedical  affairs.    Berlin,  1866.  LiIK^qIc 
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Toonliiiury  iiieiubor;dliip  only  sueli  ptTsons  are  eligible  as  are  resideDtfi 
of  Berlin  or  live  in  places  the  connection  of  whieli  witb  tbe  national 
capital  permits  tbem  to  take  part  in  tbeir  regular  academic  dntiee. 
Anysncb  member  removing  to  a  place  not  provided  for  in  the  above  is 
transferred  to  tbe  number  of  lionorary  members. 

Bach  class  may  have  twenty -seven  regnlar  members.  A  number  of 
these  places  is  intended  for  certain  specified  branches  of  science ;  for 
the  remaining  places  all  scieuttHts  vbo.se  activity  lies  within  that  speci- 
fietl  section  may  become  eligible. 

Vacancies  among  specialists  may  be  left  open,  yet,  tbe  advantage  of 
the  academy  requires  all  possible  competition.  In  that  case  the  class  has 
to  decide  whether  any  of  its  members  may  be  selected  for  the  purpose. 
Applications  for  these  places  can  emanate  only  from  regular  membem. 

A  proposed  class  election  ia  to  be  conimnnicated  to  the  presiding  sec- 
retary of  the  academy  and  then  considered  by  the  entire  a«a<ldmy  at  its 
next  regnlar  session  when  tbe  candidate  is  elected  by  ballot. 

Tbe  result  of  tbe  election  is  to  be  communicated  to  tbe  minister  wbo 
obtains  tbe  king's  approval. 

If  ascieutist,  non-resident  of  Berlin  or  of  any  of  the  places  allowed 
for,  receives  the  election  of  regular  member  be  is  reqaired  to  remove  to 
Berlin  within  six  months  of  the  date  of  his  eonfli'mation — which  time 
may  be  increased  in  special  case».  If  he  fail.s  to  comply  witb  this  rule 
be  is  enrolled  among  the  bonorary  members. 

Tbe  regular  members  are  both  permitted  and  reqnired  to  share  the 
labors  of  tbe  Academy ;  they  have  a  seat  and  a  vote  both  in  tbe  general 
Academy  and  in  the  class,  and  are  i)ermitted  to  attend  tbe  meetingsof 
eitber  of  tbe  classes. 

A  member  of  twenty-five  years  stiinding  or  having  reacbed  the  age 
of  seventy  may  be  relieved  from  tectnring  or  speaking. 

The  regular  members  are  entitled  to  all  privileges  of  tbe  royal  insti- 
tutions and  collections.  They  are  fnrthcrmore  privileged  to  lecture  at 
any  university  of  the  Prussian  domain  and  enjoy  equal  rights  with  tbe 
professors  in  accordance  with  regulations  to  which  they  are  also  bonod 
with  regard  to  the  lectures. 

Witb  regard  to  salaries  the  following  regulations  are  in  force : 

{I)  Each  of  the  fifty-four  regular  membersof  tbe  Academy  receive  an 
annaal  salary  of  900  mark  {$225.]. 

(2)  Separate  salaries,  additional  to  the  above  900  mark  are  given  to 
two  regular  members  of  the  physico  mathematical  class,  of  which  one 
has  to  be  a  botanist  and  the  otbor  a  chemist,  and  to  two  regnlar  mem- 
bers of  tbe  philosophic  historical  class,  who  are  required  to  be  phi- 
lologists or  historians.  The  salary  of  tbe  chemist  also  includes  tbe 
official  dwelling  in  thebuildtngof  tbcacailemy  and  tbe  nii^e,  for  scientific 
pur[>oses,  of  any  available  room  iu  the  buihling  not  otherwise  occupied. 
Tbe  payment  of  sucli  a  salary  is  made  for  special  services  reqaired  iu 
tbe  conduct  of  a  certain  office  or  professorship,  or  in  i,he  direction  of  a 
scientific  institute.  l^  ■  Ol m; I c 
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(3)  A  s|ieoial  salary  for  Niiccinl  dntira  may  )«■  fiiveii  by  vot«  of  Hie 
acai]eniy  for  such  a  time  as  may  bo  re()iiire<]  iti  tlici  iterforinaiire  of 
special  duties.    Thft  |>cusioniii;;  of  tbe  aalarietl  olBciaU  is  optional. 

(4)  The  two  salaries  may  be  granted  at  once  at  tbe  lime  of  election, 
provided  the  proposition  is  made  at  the  time  of  election  of  the  candi- 
date.   This  requires  tbe  sanction  of  the  minister. 

(5)  The  widow  or,  in  her  absence,  the  children  of  a  deceased  member 
continne  to  draw  the  salarj-  of  their  husband  or  father  for  the  term  of 
one  year,  commencing  with  tbe  day  of  bis  death. 

Foreign  (or  non-resident)  members  are  such  as  do  not  reside  at  Berlin 
or  at  one  of  the  places  provided  for  in  tbestittntes.  Of  these  each  class 
has  ten-  The  Academy  is  notreqnire<l  to  fill  vacancies  in  this  number. 
The  non-resident  members  enjoy  all  tbe  rights  of  the  regular  members, 
aod  in  case  of  any  visit  to  Berlin,  and  upon  notification  of  tbe  fact  to 
the  general  secretary,  they  receive  invitations  to  the  meeting,  etc.,  the 
same  as  tbe  regular  members. 

Honorary  membership  may  be  extended  to  sncli  resident  scientists 
aa  are  prevented  from  fulfilling  the  obligations  of  regular  membership ; 
it  may  further  bo  extended  to  non-resident  and  foreign  scientists  who 
have  excelled  in  scientific  pursuits  and  in  some  way  have  given  evidence 
of  their  interest  in  tbe  welfare  of  the  Academy.  There  is  no  limit  to 
the  number  of  honorary  members. 

The  honorary  members  are  entitled  to  participate  in  the  meetings  of 
tbe  Academy  of  which  they  are,  in  each  vase,  informed  by  invitation. 
Ttiey  are  at  liberty  to  make  scientific  commuuicMtions  and  to  talie  part 
in  tbe  deliberatious  of  business  affairs. 

The  correstiondiug  members  are  comiwsed  of  scientists,  non-residents 
of  Berlin.  They  retain  the  corresponding  membership  in  the  event  nf 
t^eir  locating  at  Berliu.  Each  class  ofiTers  one  hundred  places  for  cor- 
responding members. 

The  corresponding  members  are  entitled  to  take  part  in  the  pnblic 
and  other  meetings  of  the  Academy  and  of  the  class  to  which  they,  re. 
spectively,  have  l>een  assigned  and  to  make  scientific  eomnninicatioiiK. 
Ihey  are  also  jiermitted  to  bo  present  at  business  meetinjjis,  but  have 
no  vote  in  tbe  same. 

The  business  of  the  Academy  is  conducted  by  four  permanent  secre- 
taries, of  which  each  class  furnishes  two. 

The  secretaries  are  elected  for  life  and  draw  a  salary  of  1,800  mark 
annually,  which  amount  is  also  paid  to  tbe  surviving  widow  or  orphans 
for  tbe  period  of  one  year  succeeding  the  death  of  the  incumbent. 

The  secretaries  range  according  to  the  seniority  of  their  election. 

Each  of  the  secretaries  carries  a  seal. 

Each  of  the  two  classes  elect  their  secretaries  out  of  their  own  mem- 
bers and  in  secret  session.    The  election  has  to  receive  the  King's  sanc- 
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It  is  the  duty  of  tbe  secretariat  ta  coixltict  tlie  buKiness  of  the  Acad- 
emy and  to  execute  its  orders.  The  inaiiner  of  ari'augiiig  the  duties 
among  their  nnmber  ia  left  to  tiieir  discretion. 

Id  the  presidency  and  the  duties  of  that  ofBce  and  in  the  conduct  of 
the  affairs  of  the  general  Academy,  the  secretaries  change  successively 
every  four  months  In  accordance  with  their  seniority,  unless  they  arrange 
among  themselves  for  some  other  method  of  succession.  In  case  of  en- 
forced absence  of  the  presiding  8e<;retary  the  last  secretary  has  to  take 
his  place.  All  four  secretaries  beiug  unavoidably  detained  from  pre- 
siding, the  senior  of  the  ordinary  members  assumes  the  office. 

The  business  secretary  is  styled  the  presiding  secretary ;  he  carries 
the  great  seal  of  the  Academy  aod  supervises  tbe  ofQcials  and  clerks  of 
the  Academy.  He  calls  the  extraordinary  meetings  of  the  members 
and  the  meetings  of  the  secretaries;  he  issues  tbe  invitations  and  pre- 
sides at  all  meetings ;  in  case  of  a  tie  his  vote  is  decisive ;  be  signs  the 
prot04.'ol8  and  arranges  for  the  execntion  of  the  various  resolutions.  He 
has  charge  of  tbe  correspondence  of  the  Academy,  opens  all  communica- 
tions, submits  them  and  then  takes  charge  of  fnrtber  action.  He  is  re- 
sponsible for  the  observance  of  tbe  statutes,  and  for  that  purpose  com- 
municates directly  with  the  minister.  In  submitting  his  charge  of  four 
months  be  has  to  surrender  to  his  successor  a  complete  inventory  made 
iu  tbe  presence  of  the  archivist. 

Tbe  presiding  secretary,  or  his  substitute,  is  the  only  person  per- 
mitted to  institute  legal  proceedings  in  the  name  of  the  Academy,  for 
which  purpose  he  may  receive  special  identiflcation  on  the  part  of  the 
ministry.    Money  may  be  paid  to  the  cashier  of  the  ministry. 

Within  tbe  classes  of  tbe  Academy  tbe  respective  secretaries  assume 
the  presidency  and  tbe  execution  of  all  busiuess  affairs  for  tbe  term  of 
from  four  to  four  months. 

Theregnlarsalariedofficiatsof  the  Academy— at  present  an  archivist, 
one  clerk,  one  door-keeper  and  one  messeuger — are  appointed  for  life  or 
any  specified  term  in  general  session  andby  recommendation  of  tbe  col- 
lege of  secretaries.  The  apt>ointmeuts  have  to  receive  the  approval  of 
the  ministry. 

Tbe  following  rules  are  in  force  regarding  meetings,  labors,  and  pub- 
lications : 

The  members  participate  in  the  meetings  according  to  the  rights  of 
their  respective  grade.  Others,  not  memliers,  may  be  permitt'Od  to  at- 
tend tbe  scientific  meetings  ;  they  have  to  be  recommended  by  a  mem- 
ber and  introduced  to  the  presiding  secretary. 

The  meetings  of  the  Academy  are  held  every  Thursday  and  alternate 
with  those  of  the  entire  Academy  and  by  those  of  the  classes. 

At  each  regular  meeting  a  scientific  paper  is  to  bo  read  by  one  of  tbe 
regular  members,  at  the  expiration  of  which  other  members  are  permitted 
to  make  scientific  communications  or  in  any  way  to  introdnce  scientific 
objects,  ,  -  I 

The  general  Academy  is  empowered  to  submit  qnesctdJlswuieBecre- 
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tar>'of  the  respectire  classes  for  action  or  report;  or  a  special  commis- 
sion or  commissioner  may  be  appointed  for  rejwrt  on  some  scientific  or 
basiness  question  ;  the  appointment  of  sucL  commission  is  made  by  or- 
dinary election,  or,  if  required,  by  secret  ballot. 

The  general  Academy  holds  three  pnblic  meetings  annually ;  the  one 
an  July  1  in  memory  of  Leibnitz,  its  first  president,  a  second  one  on 
Jaiinary  24  in  commemoration  of  the  birth  of  Frederick  If,  the  reor^n- 
iziTofthe  Academy,  and  the  third  on  the  birth-day  of  the  reigning  King. 
If  lliese  days  do  not  fall  upon  Thursday,  the  succeeding  Thursday  is  set 
aside  for  such  pablic  meeting. 

The  secretaries  alternate  in  the  conduct  of  the  presidency  on  these 
special  occasions,  and  the  presiding  officer  is  required  either  to  make 
meotion  of  the  occasion  by  a  few  introductory  remarks  or  to  read  a 
special  paper  on  the  subject. 

Id  the  meetings  held  in  memory  of  Leibnitz,  regular  members,  elected 
ODriug  the  year,  make  their  first  speech  or  deliver  their  first  lecture, 
each  being  responded  to  by  one  of  the  secretaries.  Eulogies  of  de- 
ceased members  are  read  during  the  course  of  the  meeting.  The  busi- 
ness of  the  public  meeting  consiutR  of  the  announcement  of  prizes,  the 
reading  of  annual  reports  on  the  changes  in  the  personnel,  and  of  other 
papers  explanatory  to  the  works  and  results  of  the  scientific  enterprises 
or  fonudations  connected  with  the  Academy.  Papers  read  in  regular 
session  may,  upon  consent  of  the  Academy,  be  read  again  in  these  pub- 
lic meetings. 

In  accordance  with  the  intention  of  its  foundation,  it  is  the  duty  of 
tbe  Academy  to  render  assistance  to  the  scientific  enterprises  of  its 
members  or  scientists  geuernlly  which  require  combined  activity  of  sev- 
eral Rcientists,  or  which,  on  account  of  their  compass  or  expense,  would 
require  the  assistance  of  tbe  Academy.  A  further  duty  of  the  Academy 
requires  it  to  manage  foundations  of  a  strict  scientific  character,  and  to 
encourage  or  reward,  by  the  giving  of  prizes,  investigations,  or  researches 
in  certain  defined  directions. 

Tbe  Academy  publishes ''Sitzungsberichte"  and  "  Denkschriften," 
liie  editing  of  which  devolves  upon  the  college  of  secretaries,  subject 
to  regulations  adopted  by  the  entire  Academy.  The  members  receive 
copies,  beginning  with  the  year  of  their  admission. 

Explicit  permission  of  the  Academy  or  one  of  its  classes  is  absolately 
required  for  the  publication  in  the  aca<lomic  proceedings  of  any  scien- 
tiSc  paper.  Tbe  reqnest  for  publication  mnsc  be  accompanied  by  the 
ready  manuscript,  and  the  proposition  may  be  voted  on  at  once.  If  the 
expense  or  any  other  important  point  should  require  a  further  consid- 
eration a  commission  may  be  appointed  for  the  purpose,  or  the  subject 
may  be  referred  to  the  board  of  secretaries  or  to  one  of  the  classes  of 
the  Academy. 

U|Kin  the  request  of  one  of  the  members  present  the  acceptance  for 
publication  of  any  paper  or  any  proceeding  connected  tberewJth  may 


be  voted  on  by  secret  ballot. 
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ninSeo  1745-1769  ;  ibid.,  1746-1771, 
4  to. 
Nouveaux  Mdmoiroa,  auD<!«e  1770-i;(^;  ibid.,  m-i-nr^i.ito. 
Mdmoires,  uno<«C8, 1787-1804;  ibid.,   ITS^ISOT,  4to. 

Saiuuilnugdurilmitsaheii  AbhandluDgen,  ITr^S-ltfOS;   ibiiL,  1793-1S07,  4to. 
ALhaudluufien,  IWM-ieSi;  ibid.,  ISl.-i-ltfSfi,  4to, 
Bericht  iiberdie  Kat  BekanuttnacUiiug  geoigoeteu  VerliaDdluugoti,  lti3€-lt^;  ibid., 

IrflG-iasS,  8vo. 
Uouiitiiliencbte  auedeo  Jabren  lb.'>U-l»61  ;  ibid.,  lrs>6-ld^l,  Hvo. 
Sit^iingsliuriclito  der  k  Preuu.  Akadeuie   der  Wisseuacbafteu  zu  Berlin,  18^^  S; 

ibid.,  liW2-lW«,  Hvo. 
MatUouiatiache  uud  uuturwiaseuochaftliclieMittLuiliiuj^eii  atis  dtu  SiUuQgsbenclilrD 
der  k.  Preiiss.  AkHdemio  der  WiBaenathafteji  mi  B«rliu,  Jalirg,  ltW2  tf.,  Berliu, 
188:;-I8e6,  8vo. 
AHtronomiscbes  Jahrbiicb  fllrdas  Jakr  177<i;  ibid.,  1774,  8vo.      Tlie  same  for  PTT- 

18i3 ;  ibid.,  1775-lw3fi,  8vo. 
Berliner  BHirouumiacbeHJahrbuuh  I'iirdaHJabr  18:10  p'bjif..  1828,  8vcr.  Tbe  sanie  for 
1831-1867  ;  ibid.,  18a9-18!i5,  i^vo. 
Tberegulaiauiiualreveuueaof  tbc  Aciitlemycousistof  (1)  Tlieiucome 
from  its  owu  eLtlowmeitts;  (2)  dotatiou  of  Ii'2,'.i29  mark  ($15, ."(87)  given 
as  an  aunual  revenue  iu  place  of  the  eiulowmeut  of  King  Frederick 
William  III  (Rojal  decree  of  August  10, 1809);  (3)  assistauee  by  the 
government ;  {4)  its  own  iirofits. 

The  expeuilitures  are:  (1)  Payment  of  salaries  and  remuueratioDB ; 
(2)  prizes,  publications  of  tbe  Academy,  care  and  increase  of  the  librury, 
all  rendered  domestic  exi)eiise8  required,  including  beating,  ligtiling, 
and  repairs;  (3)  for  scientific  pur[>05es.  Witb  regard  to  tbese  all  jios- 
sible  equality  should  bo  secured  for  each  of  the  two  chisses. 

Any  surplua  may  be  added  to  tbe  iucome  for  tbe  coming  year  or  added 
to  the  principal. 

The  funds  available  during  the  years  188C-'ST  amounted  to  208,982 
mark  ($52,345.) 

The  scieuliflc  proportion  was  194,695  mark  (5<48,674),  of  which  the 
following  disbursements  were  made :  (1)  Salaries,  111,000  mark 
($27,900);  (2)  real  exiwnses,  83,095  mark  ($20,774,)  as  follows :  (n)  Publi- 
cation of  Abbandlungen  und  Sitzungsbcricihte,  23,800  mark  ($5,95(1). 
{b)  assistance  to  scientific  enterprises,  53,000  mark  ($13,2.^0);  (t)  prizes 
3,295  mark  ($824);  (rf)  lucreaseof  the  library,  3,000  mark  ($750.) 

Tbe  expenses  of  administration  were  14,287  mark  ($3,572)  of  wbith 
6,715  ($1,429)  were  for  personal,  and  8,572  mark  ($2,143)  for  essential 
expenses. 

The  financial  management  provides,  as  far  as  possible,  an  equal 
share  for  eaeli  of  the  sections,  Separate  accounts  are  kept  only  with  re- 
ganl  to  items  2  h  and  2  c.  The  pbysico  mathematical  class  may  annually 
dispense  over  22,9('0  mark  ($5,725)  under  2b,  and  2,425  mark  ($60C) 
under  2v.  From  this  amount  the  class  bas  to  meet  each  eighth  year  the 
D„:,i.,.-iM,G00t^lc 
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academic  prize  of  5,0UU  mark  ($1,351)),  and  iu  iutervaU  of  twelve, 
twelve,  and  two  years,  respectively,  tbe  prizes  of  2,000  mark  ($500)  on 
acconiit  of  tbe  Eller  legacy,  li,000  mark  ($500)  on  account  of  tbe  Co- 
thenius  legncy,  and  J, SOU  mark  ($450)  on  account  of  tbe  SteiniT  legacy. 
The  physiconiatbematical  class  lias  the  benefit  of  tlio  interest  re- 
sulting from  the  "  Humboldt  Stiftung  fiir  Natorforscbiiiig  und  Keisen," 
This  endowment,  fonuded  by  collectionsafterthedeath  of  Alexander  von 
Bamboldt,  received  tbe  royal  sanction  by  decree  of  December  19, 18G0; 
its  management  rests  in  tbe  bands  of  a  special  curatorsbip,  and  in  in- 
tended to  assist  prominent  talent  of  all  uations  in  the  direction  pursued 
bj  Alexander  von  Humboldt  bimself  and  to  give  pecuniary  assistance  to 
workers  on  natural  sciences  and  in  tbe  execution  of  expeditiona. 

Tbe  following  enteriirises  bave  been  assisted  thus  far  from  the  inter- 
est of  the  capital  to  the  amounts  specified  in  eacb  case : 
JoDiuej  of  Dr.  Seiobold  HeoBel  to  the  La  PJatn  regioiia  fur  the  purpose  nf  eollectiu}{ 

fbasil  reinaiOB  (1(363-1865,  nod  publication  iu  I66T),  30,657  mark  (|T,i>ti4). 
EipedJtioa  of  Dr.  Georg  Schweinfurth  fur  tbe  botauical  exploratioo  of  the  bouUi- 

weatern  Nile  regions  (18&i-m71),  :M,600  mark  ((H,<IOO). 
ContiniialioD  of  Prof.  Reioliolil  BucbbolU'a  zoological  exploratiou  of  Cauierouus 

(1B72),  6,450  mark  ((l.eri). 
J.  H.  Hildebrandt,  expediticns  Id  east  Africa  aud  Madagagcar  iu  18T6-lri7T.     Allow- 

aocc,  14,500  mark  (S3,62.'>>. 
Dt.  Karl  Sachs,  journey  to  Venezuela  iu  order  to  stud;  the  electric  oul.    Altowauco, 

l<^6-ieT7,  aod  for  publication  iu  IBdl,  14,500  mark  ($3,625). 
Dr.  Olio  FiuBch,  journey  for  gcieutiQc  investigatiouB  iu  MikruaudMelsuoBia.     Allow- 

»Dce,  lS73-18d3,  36,550  mark  (t9,13d). 
Prof.  Gustav  KritBcb,  journey  to  Egypt  for  investigatiou  of  electric  eel.    Alloiv- 

aace,  9,000  mark  (12,325). 
Dt.  Edosrd  Aroing,  journey  to  the  Saodiricli  Islauda  for  the  study  of  Lepra.     Alluw- 

auce,  1883-1884,  10,000  mark  ($2,500). 
CoDtinoatioD  of  Dr.  Paul  Giioiwcreldl's  travels  iu  the  Ubiliau  Andcx,  11^3.     Allow- 
ance, 6,000  uiark  ((l,50i)). 
Jonmey  of  Prof.  Georg  Scbweiofurtb  iu  Egypt  for  tbe  geological  exploration  of  the 

Arabian  desert,  It^.    AUomauce,  5,000  mark  (1,250). 


II.— THE  ROYAL  FEEDEKICK  WILLIAM'S  UNIVERSITY. 

The  document  establishing  tbe  University  was  executed  by  King 
Frederick  William  III,  at  Konigsberg,  iu  Trussi;),  ou  tbe  16tb  of  Au- 
giut,  1809. 

By  tbe  treaty  of  Tilsit,  on  July  0, 1H07,  rnisaia  bad  been  deprived  of 
a  considerable  portion  of  its  domain  and  tbe  territory  of  tbo  King 
restricted  to  about  5,000,000  inhabitants. 

By  a  abort  but  impressive  proclamation  of  July  24,  1807,  tbe  King 
relieved  his  subjects  beyond  tbe  river  Elbe  from  fealty.  Iu  that  procla- 
mation he  says:  '^Inhabitants  of  those  beloved  and  trusted  provinces, 
realms,  and  towns,  you  are  well  ac<|uainted  with  my  views  and  with  the 
events  of  the  last  year.    My  army  was  conquered  and  peace  bad,^ 
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be  conclnded  nader  the  best  possible  conditions.  Tbe  tie  of  lOve  and 
coafideace  of  ceutariea  is  to  be  severed.  Fate  decided,  and  tbe  fatber 
separates  himself  from  his  childreu,  but  uo  fate,  no  power  may  estin- 
guisb  your  memory  in  my  heart."  Stroug  and  siDcere,  too,  was  the  low 
of  the  inhabitants  of  those  surrendered  proviucee  for  their  king.  Deep 
was  tbe  sorrow  iu  Halle  and  among  the  members  of  the  noiversity 
which  Napoteon  had  diusotved  ou  the  liOth  of  October,  1806.  A  depulii- 
tioD,consistiDgof  Schmalzand  Froriep  was  sent  to  Memel,  andiii  their 
iiame  aad  that  of  their  colleagues  requested  tbe  Kiug,  io  a  petitioo  of 
August  22, 1S07,  to  consider  the  establishment  of  a  scientific  institatiou 
at  Berlin.  Hafeland,  present  iu  Memel,  supported  tbe  wishes  of  the 
delegation. 

On'  September  4,  1807,  the  King  issaed  au  order  to  Privy  Councillor 
Beyme  to  tbe  effect  that,  iu  view  of  the  loss  by  tbe  state  of  tbe  Uni- 
versity  of  Halle  owing  to  the  surrender  of  the  domain  west  of  tbe 
river  Elbe,  one  of  the  most  important  and  perfect  educational  establish- 
ments bad  ceased  to  exist  and  that  it  should  be  one  of  tbe  first  dnties 
of  the  government,  in  tbe  consideration  of  a  reorganization  of  the  state, 
to  provide  for  the  erection  of  some  such  establishment  in  the  best  pos- 
sible manner;  that  the  uuiversities  at  Frankfort  and  Kdnigsberg  were 
not  adapted  to  compensate  for  the  loss,  the  former  on  account  of  tbe 
insufficiency  of  local  auxiliary  means  and  the  latter  on  account  of  its 
great  distance  from  the  national  capital;  that  Berlin,  however,  com- 
bined all  the  means  adapted  for  snch  an  educational  establishment  with 
tbe  least  possible  expense  and  with  the  greatest  possible  advantage 
for  its  usefulness.  In  view  of  these  facts  tbe  establishment  at  Berlin  of 
such  an  institution  in  connection  with  the  existing  Academy  of  Sciences 
was  decided  upon.  All  the  funds  which  had  formerly  been  devoted  to 
tbe  support  of  the  university  at  Halle  were  to  be  employed  for  the  X'U''- 
iwse,  aud  Privy  Councillor  Beyme  was  instructed  to  secure  for  the 
new  university  the  services  of  the  prominent  professors  of  Halle  before 
other  chances  were  offered  to  aud  accepted  by  them. 

Frederick  the  Great,  iu  his  eudeavors  to  re-model  aud  re-organize  the 
state,  was  not  in  position  to  do  much  towards  uuiversities;  he  was  sat- 
isfied with  having  restored  the  proper  rank  to  the  highest  representative 
of  science,  aud  onlyoccasioually  he  alluded  to  tbe  need  of  high  schools. 
On  April  7, 1784,  he  wrote  to  Frankfort  that  "the  students  should  re- 
ceive snch  instructions  as  to  enable  each  of  them  to  learn  something 
useful  so  as  to  be  enabled  to  render  efficient  service  to  state  or  charch, 
since  be  thought  more  of  this  than  of  any  formalities."  All  other  care 
be  left  to  his  minister,  von  Zedlitz,  who  himself  bad  become  a  pupil  of 
the  great  Kaut.  The  two  universities,  Eonigsberg  and  Halle,  received 
prompt  attention;  Forsterand  Wolff  had  lieeu  appointed,  and  tbe  neces- 
sity of  a  fixed  plan  of  instruction  bad  repeatedly  been  pointed  out.  This 
being  most  uoticoahle  in  the  study  of  law,  a  regular  scbednio  was  pre- 
pared iu  17T1.    In  1787  the  higher  educational  council  took  the  place 
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Df  the  board  of  curators  of  uulversities.  The  "  General  Laws  for  the 
Boyal  PiuBsiaii  Universities,  Febraary  23, 1796,'*  provide  that  applica- 
UoD8  for  publie  positions  can  be  entertained  only  of  persons  who  have 
graduated  from  the  university. 

On  Jannary  S,  lti03,  Minister  von  Massow  submitted  his  report  on  a 
suitable  arrangement  of  the  nniversities,  in  the  prefiice  of  which  be 
ujs:  "Ithas  long  been  a  recognized  fact  that  the  universities,  considered 
as  establishments  of  education  or  at  least  of  instraction,  shoald  be  im- 
proreil  and  arranged  in  a  way  conforming  to  their  principal  object  la 
order  to  realize  snch  project  and  to  remedy  the  abnormal  conditions, 
remnants  of  gray  antiquity,  two  principal  obstacles  have  to  be  over- 
eome,  namely,  the  dominant  character  of  the  scientific  man  in  his  ooe- 
sidednoBs  (partiality),  and  the  want  of  funds ;  the  improvement  of  their 
own  financial  condition  will  have  to  be  the  means  to  overcome  their 
obetinacy." 

A  namber  of  reformatory  orders  were  issued  during  the  following 
feus:  A  royal  order  of  April?,  1801,  fixed  the  academic  term  at  three 
feats.  This  was  made  public  by  circular  letter  of  October  12, 1804,  of 
the  minister  of  justice,  who  adds  that  the  candidates  for  promotion 
ctmld  be  examined  only  upon  proof  of  their  having  completed  the  pre- 
embed  course  of  studies.  A  further  order  of  November  27,  imposes 
that  condition  on  all  aliens  or  foreigners,  who  were  applicants  for  pos- 
itioDg  reqniriDg  academic  education. 

The  want  of  sufficient  means  too  was  a  source  of  great  complications. 
Ilwamonnts  which,  at  the  time  of  the  establishment  of  the  universities, 
bad  beea  ample,  now  barely  covered  the  most  urgent  necessaries ;  the 
badgets  were  insufficient  to  permit  even  an  approach  towards  aecnring 
tbe reqnirements  demanded  by  progressing  science.  Since  the  equip* 
ment  of  Halle  the  grants,  by  the  State,  to  all  universities  had  been  but 
Tei;  small,  Frederick  William  II,  during  the  eleven  years  of  his  reign, 
lianDgbeen  able  to  spare  but  12,270  thaler  ($10,200,)  for  the  combined 
needs  of  all  the  universities,  and  their  number  having  increased  to  nine 
io  1802  Uie  vital  question  of  their  existence  demanded  an  early  settle- 
ment 

A  Gonunissioa  appoint«d  for  the  purpose,  decided  on  the  abolishmeDt 
of  a  portion  of  the  antiquated  establishments.  Frankfort's  income  was 
increased  from  12,846  to  15,314  thaler  ($9,635  to  $11,485);  Erlangen 
fromSO.OOO  to  57,768  florins  ($12,857  to  $24,757);  Halle  from  18,116  to 
36,113  thaler  ($13,587  to  $27,085).  Means  of  instruction  were  provided 
and  collections  purchased  for  Frankfort  and  Konigsberg.  Halle  was 
^ricbed  by  tbe  appointment  of  professors  of  repute,  stml  the  salaries 
were  increased  by  allowances  from  the  royal  treasury.  In'  1805  the 
nnmber  of  students  had  increased  at  Frankfort  to  307,  Konigsberg  to 
333,  and  at  Halle  to  944. 

The  snrrender  required  by  the  treaty  of  Tilsit  of  the  Halle  University, 

IMtwlthstanding  the  oppressed  coodition  of  tbe  State,  demanded  iut 
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medittte  actioo  with  regard  to  tlie  eBtabliBbment  of  a  new  aniversitf 
which  coald  then  be  commenced  in  conformity  with  the  ezperieDOU 
gained  by  the  loDg-coDtioned  inquiries  into  ao  improved  organization, 

Althongh  it  can  not  beestobliabed  by  docamentary  evidence,  it  is  suf- 
ficiently well  known  that  long  before  the  unfortunate  events  of  1806 
the  cabinet  of  Frederick  William  111  bad  already  considered  tbe  ad- 
visability of  founding  a  university  at  Berlin.  Privy  Oonncilor  Beyme 
therefore  was  well  infonaed  on  tbe  subject  when  in  1807  be  was  re- 
quested to  formulate  plans  for  the  establishment  and  organizatiou  of 
a  university  at  tbe  capital  of  the  Kingdom.  It  may  even  be  positively 
asserted  that  it  was  Beyme  himself  with  whom  the  project  originated. 

He  was  deeply  interested  in  universities;  be  was  an  adherent  and 
friend  of  Fichte;  be  had  induced  the  King  to  graut  hioiasylum  at  Ber- 
lin ;  he  was  instrumental  in  having  him  appointed  at  Erlangen,  and  was 
responsible  for  the  appointments  of  Schleiermacherand  Steffens  to  Halle 

Ata  large  number  ot  scientific  institutions,  established  at  an  earlitv 
day — tbe  Academy,  the  Military  Academy  for  Officers,  tbe  Artillery 
and  Engineers'  School,  the  Military  t)adet  Establishment,  tbe  Mining 
School,  etc. — scientifically  edacated  teachers  were  employed.  The 
science  of  medicine  was  the  best  iirovided  for.  The  "  Collegium  medico- 
cbirnrgicnm"  represented  a  medical  faculty  for  the  education  of  yoang 
army  physicians.  In  1806  the  staff  of  tbat  establishment  was  formed 
by  twenty  professors  (eighteen  regular  and  two  assistant). 

Since  Frederick's  time  lectures  were  held  ou  other  scientific  subjects 
for  purposes  of  practical  instructions ;  thus,  on  law  and  legal  proceed- 
ings in  the  department  of  justice,  and  in  forestry  and  technology  by  the 
general  directory.  TheAcademy  of  Arts  instituted  courses  of  lectures 
for  the  development  of  tbe  artistic  taste.  There  were  high  schools  ood- 
ducted  by  teachers  of  rejmte,  some  of  them  members  of  the  Academy. 
Since  however  an  intermediate  step  was  wanting  between  tbe  two, 
greater  demands  were  made  on  both  teacbersaud  pupils  which  elevated 
them  almost  to  the  dignity  of  an  university.  There  were  further,  tbe 
library,  the  botanical  garden,  the  observatory,  the  natural  history  col- 
lection of  the  academy,  tbe  collections  of  the  mining  aud  smeltingf  de~ 
partment,  tbe  anatomical  theater,  the  collectiou  of  physical,  astrooom- 
ical,  and  chimrgical  apparatus,  tbe  royal  aud  tbe  academic  coin  collec- 
tions and  the  picture  gallery  in  the  royal  castle. 

Sincethebeginningof  the  reign  of  Frederick  William  III  additions  had 
been  made  to  tbe  number  of  the  existing  older  establishments.  In  1798 
the  Eschke  Institute  for  deaf-mutes  was  enlarged  from  means  furnished 
by  the  royal  treasury;  in  1799  the  Academy  for  Architects  was  founded 
U)4  the  military  establishment  enlarged ;  in  1803  attempts  were  made  for 
tbe  improvement  of  military  education,  and  lectures  were  instituted  for 
artisans.  In  1804  tbe  academy  for  young  officers  was  fonnded,  in  ISOQ 
tbe  statistical  bureau,  aud  in  ISOC  the  Institute  for  tbe  Blind  and  the 
Agricultnral  lustitnte.    All  branches  of  knowledge  were  oared  for. 
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Soon  after  Fichte's  appoiotment  Jena  furnished  a  second  celebrated 
teacher.  In  IWO  Hafeland  was  appointed  professor  and  director  of 
the  "CoUegiom  medico-chirargioum."  The  academy  elected  him  to 
membership;  the  medical  affairs  were  intrusted  to  him,  aud  ia  his  posi- 
tiou  as  physiciaa  to  the  King  opportunities  were  not  wantiug  which 
enabled  him  to  render  decisious  on  scientific  qaestions. 

For  the  improvement  in  agricultural  knowledge  Thaer  was  called  in 
1801,  aud  lie  at  once  prepared  for  the  establishment  of  his  "  Agricult- 
ural Institute." 

Alexander  TonHumboldt,upontheTeturn  from  his  expedition  around 
tiie  world,  on  September  3,  1804,  declared  his  intentions  to  enter  the 
services  of  the  state.  It  was  about  this  time  that  Beynie  expected  to 
orgiiaize  the  new  establishment.  The  programme  of  Guttiugeii — or 
ratherthespiritof  the  programme  freed  from  all  abuses, — a  general  scien- 
tific educ^tioual  establishment,  was  his  plan  for  the  Berlin  University. 

Owing  to  the  threatening  conditions,  however,  the  project  was  not 
eoDSummated.  Soon  crashing  blows  demoralized  the  state ;  on  October 
27, 1806,  Napoleon  entered  the  city  of  Frederick  the  Great. 

After  the  treaty  of  Tilsit,  when  the  King  and  his  council  prepared  the 
organization  of  the  great  reform,  the  plan  for  the  new  university  formed 
oue  of  the  points  under  consideration  and  this  gave  rise  to  a  multitude 
of  opinions,  objections,  and  deliberations. 

During  all  these  deliberations  the  patriotism  and  the  scientific  zeal 
of  the  professors  who  had  already  received  their  commissions,  had  iieen 
demousrated  ;  they  had  entered  on  their  coarse  of  lectures.  The  IJui- 
Tersity  existed,  although  not  by  official  recognition.  It  was  formed 
by  the  four  professors :  Scbleiermacber,  Schmalz,  Fichte,  and  Wolf, 
each  of  whom  represented  a  faculty. 

On  December  3,  lS08,the  French  evacuated  Berlin.  Among  thechauges 
vhich  took  place  in  the  national  administration  was  the  appointment  of 
Wilhelm  von  Humboldt  to  take  charge  of  the  public  instruction. 

In  April,  1809,  Humboldt  left  for  Konigsberg  in  order  to  personally 
Di^  before  the  King  a  final  determination.  A  building  became  neces- 
sary, both  in  order  to  enable  the  professors  to  appear  as  public  teachers 
and  to  secure  an  appreciation  of  the  scheme  by  the  inhabitants.  The 
palace  of  Prince  Henry  had  been  repeatedly  snggested  for  the  purpose. 
Frederick  the  Great  bad  constructed  it  during  the  years  1754-1764,  aud 
by  death  it  had  reverted  to  the  crown.  Frederick  William  III  gave 
favorable  cousideration  to  Humboldt's  wishes  and  donated  the  palace 
"  for  all  time  to  come." 

Greater  difficulties  appear  to  have  presented  themselves  in  obtaining 
security  for  the  required  means.  Hufelaud  in  1807  already  had  shown 
the  desirability  of  endowment  by  roal  estate ;  Humboldt  shared  his 
views  and  endeavored  to  gain  the  annual  means  by  obtaining  donation 
in  the  form  of  private  domain  belonging  to  the  crown.  In  his  memorial 
(HI  the  subject,  of  Jujy  24,  1309,  Qmnboldt  says;   "It  may  appear 
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straoge  that  the  sectiou  of  public  iiiBtructioo  at  tbe  present  moment  of 
time  ventures  to  advocate  a  plan,  the  execution  of  which  would  lead 
one  to  tbe  sappositioa  of  quieter  and  happier  days."  He  coDtinaea  br 
saying  that  only  such  high  educational  establishmeDts  as  the  Berlin 
TTniverdty  is  intended  to  be,  can  exert  an  external  influence,  and  that 
by  sncb  a  fonndatioD  tbe  King  would  be  instrumeotal  iu  combiuing  witli 
him  (irmly  everyoae  throaghont  Germany  interested  iu  edncation  and 
enlightenment;  he  would  instill  new  zeal  for  the  rejuvenation  of  hid 
realm  and  offer  to  German  science  a  never-hoped-for  asylum  at  a  tims 
when  part  of  Germany  bad  been  destroyed  by  war  and  another  part 
waa  governed  over  by  a  stranger.  Thus  the  patriotic  ideal  became 
prominent  in  the  plan  for  the  foundation  of  the  new  university. 

Wilbelm  von  Humboldt  Anally  recommended  formally  its  foundation 
at  Berlin,  to  bear  tbe  time-honored  name  of  University,  since  the  natnre 
of  things  requires  a  division  of  scientific  institutes  into  schools,  univer- 
sities, and  academies.  He  asked  iu  the  name  of  the  University  for  a 
fond  of  60,000  thaler,  ($43,000,)  and  for  the  two  academies — the  Academy 
of  Sciences  and  tbe  Academy  of  Arts — a  fnud  of  1,000  thaler  ((3,000) 
additional  to  their  present  means. 

By  order  of  August  16, 1809,  tbe  King  proclaimed  that  be  considered 
tbe  plan  for  higheredacation  within  and  without  the  limits  of  the  realm 
of  such  importance  as  to  prohibit  any  further  delay  in  the  foundation 
of  a  University  at  Berlin  which  should  bo  endowed  with  tbe  privilege 
to  confer  academic  honors. 

An  annual  amount  of  150,000  thaler  ($112,500,)  was  granted  to  all  the 
scientific  establishments  at  Berlin,  and  tbe  palace  of  the  late  Prince 
Henry  deeded  uuder  the  name  of  the  "  University  building." 

At  tbe  time  of  financial  trouble  the  establishment  of  a  new  univer- 
sity presented  a  grave  economic  problem.  The  King  however  did  not 
withhold  his  private  fortune  to  aid  the  state  or  the  people.  Tbe  gold 
plate  was  vitJidrawn  ttom  the  royal  tables  and  coined  and  the  remains 
were  sold. 

At  last  the  stage  for  tbe  settlement  of  the  question  of  internal  ad- 
ministration was  reached.  A  royal  decree  of  May  30,  ISIO,  appointed 
a  commission  for  the  purpose. 

The  appointweut  of  professors  coutinned  at  salaries  averaging  be- 
tween 1,200  to  1,600  thaler  ($900  to  $1,125),  with  fh)m  200  to  600  thaler 
($150  to  $375)  added  for  travelling  expenses. 

On  September  22, 1810,  tbe  section  of  public  instmction  submitted 
to  the  King  its  Una!  report,  in*  which  it  was  stated  that  "Thus  this 
important  institute  has  becQ  opened  in  accordance  with  the  will  of  yonr 
Majesty,  aud  tbe  sectiou  rocoguizes  with  resi>ectfnl  thanks  the  pow- 
erful protection  and  grateful  jtrivileges  accorded  the  university  to 
which  alone  it  owes  its  rapid  itiul  healthy  establishment.  For  among  all 
tbe  renowned  universities  of  Europe  there  is  not  one  possessed  of  such 
anutnberuf  tried  teachers,  with  such  scieutiQo 'Ueaos,  QQi]  Witti  BHCb 
Bplendor  in  buildlug."  ^ '  *  * '  *8 '  '^ 
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tndoeil,  it  was  an  imimrtaDt  moment  wheifthe  section  aiibmittcd 
Uie  first  programme  of  the  lectures  which  contained  sncli  celebrated 
Dainee.    It  was  the  often- promised  seed  which  at  last  was  being  sown. 

The  staff  was  formed  of  fifty-eight  teachers,  of  which  twenty-four 
were  regalar  professors,  nine  secondary  professors,  fourteen  private 
lectorers,  six  members  of  the  academy,  and  five  teachers  of  moilern 
laagaages.  One  hundred  and  sixteen  courses  of  lectures  were  an- 
Doanced,  of  which  the  theological  faculty  bad  ten,  the  medical  thirty- 
foDF,  philosophical  sixty-two,  and  the  facalty  of  law  ten. 

The  general  specialties  of  science  were  pretty  well  represented ;  the 
inlTodnctiou  of  German  antiquity  as  a  subject  for  historic  philological 
stQdy  was  new.  Heiadorf,  in  bis  introductory  address,  impressirely 
Drged  on  the  students  the  expectations  held  of  them,  for  the  improre- 
tnent  of  the  newly  created  university. 

By  order  of  September  23,  Scbmalz  was  nominated  rector,  and 
Schleiermacher,  Biener,  Hufeland,  and  Fichte,  deans.  On  October  1  the 
section  requested  the  rector  to  begin  matriculations,  and  ou  October 
0  this  act  was  performed  on  six  students. 

Un  October  10, 1810,  upon  the  invitation  of  the  rector,  the  first  as- 
sembly took  place,  at  the  university  building,  cousistiug  of  nixteen  pro- 
fessors. It  was  0]>ened  by  the  rector  with  an  address ;  in  place  of  oath 
of  ofiBce  he  bound  the  professors  to  this  duty  by  pressure  of  baud,  where- 
apoD  the  senate  of  the  university  was  declared  constituted. 

The  senate  ruled  that  each  faculty  should  center  honors  upon  t^e 
f^railnates,  and  that  the  use  of  the  lecture-rooms  was  to  be  arranged  ac- 
cording to  a  compensating  table.  The  lectures  were  set  to  begin  on 
October  19,  to  which  general  rule,  however,  exceptions  were  permitted, 
thus  Hufeland  commenced  bis  lectures  and  the  iustmctioos  at  the  poli- 
dinical  institate  on  the  15th,  (Jriife  on  the  same  day,  Fichte  on  the 
3lBt  of  October,  white  a  few  did  not  commence  until  ttie  beginning  of 
Kovember. 

As  an  external  mark  of  distinction  the  following  epigram  was  pro- 
posed by  Wolf: 

"  Universitati  Litterariro  Fridericus  Guilelmua  III  rex.  A.  ciuif>ncc 
Tnn."  It  was  recommended  by  Bnttemann  and  sanctioned  by  the 
King. 

A  change  in  the  administration  occurred  at  about  the  time  of  the  open- 
iog  of  the  university.  By  decree  of  November  20,  1810,  a  new  presi- 
dent was  appointed  for  the  department  of  public  instruction,  and  the 
decree  was  communicated  to  all  German  universities.  The  acta  of  the 
Berlin  University  begin  with  it.  It  stated:  "You  will  be  convinced 
fonrself  of  the  importance  which  the  department  of  worship  and  public 
instruction  now  intrusted  to  your  keeping  exerts  upon  the  welfare  of 
the  state  and  its  inhabitants,  eveu  upon  that  of  humanity.  The  object 
which  the  section  of  worship  must  always  have  in  view  is  the  advanee- 
mentof  true  religiousness  without  compulsion  or  mysterious  fanatism, 
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and  liberty  of  conaience  and  toleration  without  public  offeuBe.  In  its 
positioD  as  leadiug  office  it  should  direct  its  efforts  toward  eaabling  all 
classes  to  obtain  a  thoroagh  training  in  science  and  general  knowledge, 
and  to  disseminate  clear  conception  and  sach  opinions  as  tend  to  create 
usefniness  in  practical  life,  erne  patriotism,  obedience  to  and  confidence 
in  the  Government  aud  the  conatitntion.  Most  especially  however  it 
should  guard  agninst  the  introduction,  into  science,  of  the  spirit  of  ex- 
clusiveiicss,  which  is  nowhere  more  reprehensible  than  in  objects  pertain- 
ing to  human  knowledge." 

The  winter  term  of  18t2-'13  began  nnder  increasing  excitement.  The 
first  news  of  the  destruction,  in  Bussia,  of  the  French  army,  reduced 
the  nnmber  of  participants  to  the  lectnres.  Teachers  and  pupils  were 
seized  by  irresistible  desire  to  regain  the  fatherland  and  its  most  holy 


On  Febraary3,the  Kingcalletl  his  people  to  arms;  the  word  had  been 
given  and  all  restraint  ceased ;  the  lectnres  were  abandoned,  many  pro- 
fessors dismissing  their  pupils  with  impressive  words.  On  March  28, 
Schleiennacber  read  from  the  pulpit  the  King's  "  call  to  arms." 

Qniet  again  reigned  in  the  halls  of  learning ;  as  far  as  the  excitement 
permitt«d,  the  remainder  re-commenced  their  labors.  In  the  bnlletin 
of  March  18,  the  rector  announced,  that  notwithstanding  the  small  num- 
ber of  students  remaining — most  of  them  being  foreigners — the  lectures 
interrnpted  during  the  exciting  days  would  be  resumed  in  the  coming 
summer.    Only  fifteen  professors  resumed  their  lectures. 

Upon  the  re-entry  at  Berlin,  on  Mareh  31, 1814,  of  the  returning  vic- 
tors, the  thought  at  once  was  expressed  to  erect  a  monument  to  the 
memory  of  those  who  had  perished  for  the  good  of  the  conntry.  On 
July  16,  the  senate  resolved  to  engrave  their  names  npon  a  monument 
to  be  erected  in  the  large  hall. 

The  University  however  gave  a  further  proof  of  its  appreciation  and 
gratitude,  by  conferring  the  honorary  doctor  title  upon  the  following: 

Hardenberg — patriie  in  discrimine  positie  sospitatorum  felicissimam ; 
Blilcher — Qermanicie  libertatis  vindicemaceasimnm,  gloriie  Borassicie 
recuperatomm  in  dictum,  felicem,  immortatum,  Tauenzien,  York,  EleisC, 
Billow, — victorii8,pr!Eclaris8imisdepatrisimmortalitermerito8,Germ»n- 
ormum  libertatis  vindices;  Gneisenan — consiliis  sapientissimis,  promp- 
tissimis,  salnberissimis  in  procliorum  discriniine  de  patria  immortaliter 
meritum,  Germanornm  libertatis  vindicem. 

On  February  9,  ISIS,  the  anniversary  of  the  war-like  action  of  the 
students  bad  been  celebrated,  and  on  April  7  the  King  called  to  arms 
again.  A  second  hot  and  bloody  summer  followed  and  for  a  second 
time  Paris  surrendered. 

During  the  Franco-Prussian  war  of  1870-'71,  eight  hundred  stadenta 
and  professors  joined  the  army,  and  of  this  number  thirty-eight  stu- 
dents and  one  i)rivate  lecturer  lost  their  lives.  On  Aagast  3, 1875,  the 
rector  unveiled  a  tablet  erected  to  the  memory  of  the  h^y^  jrpnng  meii. 
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The  oration  of  Prof.  Dr.  Mittermaier,  of  HcHlelberg,  delivered  iu  the 
name  of  the  representatives  of  the  German  and  Swiss  Univ«n<ities  on 
October  15, 1800,  the  fiftieth  auiiiversary  of  the  Berlin  Alma  Hater 
bears  witoess  to  the  fact  that  its  scientific  development  Ailly  reitlized 
the  expectations  expressed  in  the  rescript  of  November  23, 1810. 

The  UnivetBity  preserves  a  gratefnl  memory  to  ftU  who  principally 
MDtribated  to  its  developments.  Thus  the  birthday  of  King  Frederick 
William  III  and  of  the  reigning  King  are  celebrated  by  orations. 

In  addition  to  the  basts  of  Kings  Frederick  William  III  and  IV  basts 
of  thirty-three  rectors  and  professors  adorn  the  ania. 

As  regards  the  organization  of  the  University  the  propositions  of 
Scbleiermacber  were  adopted-  The  facnlties  of  the  present  day  were 
coDsidereil  the  fnndameutal  colamns  of  the  stractnre.  His  memorial 
with  regard  to  the  organization  of  the  theological  faculty  served  as  a 
basis  for  the  others. 

On  December  28, 1810,  the  regulation  of  the  academic  jurisdiction  was 
iBsaed  as  ftandatnental  law  for  all  Prussian  Universities.  As  a  means 
of  protection,  the  Department  of  Instruction,  on  February  8,  1811,  is- 
Huedtoth^studentsa  "card  of  recognition."  On  February  20, 1811,  rec- 
tor and  senato  informed  all  universities  of  the  opening  and  joined  the 
union.  The  present  statutes  were  sanctioned  by  the  King  on  October 
31,  Itlie,  and  delivered  on  April  26, 1817. 

Based  on  these  statutes  a  later  order  of  January  29, 1838,  gave  spe- 
cial statntes  to  each  of  the  facnlties.  Those  of  the  medical  and  philo- 
sophical facnlties  have  repeatedly  been  altered  since. 

The  decrees  of  1819  and  1834,  based  on  the  resolntionsof  the  German 
Parliament,  had  originate<l  under  iufluencesof  principles  and  conditions 
which  in  consequence  of  the  political  movement  of  1848  had  experienced 
such  modifications  as  to  induce  the  Goveniment  to  relieve  the  Prussian 
uDiversities  from  the  unjust  suspicion  expressed  in  those  decrees  and  to 
Ktnm  to  them  the  iadepeudence  required  for  the  development  of  an 
active  corporate  life. 

Upon  request  the  universities  furnished  reports  as  to  a  comfortable 
change  with  regard  to  academic  jurisdiction  and  discipline. 

On  October  29, 1879,  a  law  was  promnlgated  relating  to  the  qaeatton 
of  Junsdictiou  and  discipline  at  the  national  aniversities. 

At  the  opening  of  the  University  fifty -eight  professors  were  appointed ; 
daring  the  summer  term  of  1886  their  number  had  increased  to  two 
hnndred  and  eighty-three,  distributed  among  the  faculties  as  follows : 
Heology,  seventeen ;  law, tweuty-two ;  medicine,onehnudredaudtwo; 
philosophy,  one  hnndred  and  forty-two. 

The  salaries  for  the  regular  professors  range  between  3,000  (1750)  and 
12,000  mark  (93,000)  anooally,  and  for  tbe  secondary  professors  from 
9D0  to  4,800  mark  ($225  to  91,200.) 

An  almost  regular  increase  has  been  noticed  in  the  number  of  sto- 
denta    It  may  suffice  here  to  state  that  while  for  the  winter  term  of 
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1810  one  hnmlred  and  ninety-eight  Btudents  were  received  at  tiie 
Uoivereity  (and  for  the  summer  term  twenty- nine),  the  number  of 
matricalntions  for  the  corresponding  terms  of  1S86  were  two  tlionsand 
oDehnndredand8ixty-aeven,andone  thouBand  and  seventy -one,  respect- 
ively. 

HotwitbKtanding  the  comparatively  ahort  period  of  its  existeoce,  the 
University  baa  already  become  the  recipient  of  many  rich  bequests  for 
the  benefit  of  worthy  and  needy  stndents. 

In  order  to  promote  diligence  among  tlie  atudents  prize  questions  are 
propoanded  annually  in  accordance  with  the  following  miniaterial  regu- 
lations : 

BEanL&TION  OP  SEPTEUBBR  10.  1S24,  WITH  KEOABD  TO  PRIZE  QUESTIOMa 

(1)  The  faculties  of  the  Royal  University  are  to  publish  annually 
prize  questions  for  solution  by  the  atndonta. 

(2)  Theae  prize  questions  are  to  relate  to  strictly  scientific  sabjects, 
and,  althoDgh  the  fundamental  knowledge  may  have  become  known  in 
the  academic  lectures,  they  must  be  of  audi  a  character  as  to  demand 
thorough  atady  and  independent  research  in  onler  to  show,  in  the 
answers,  the  amount  of  education  received  and  theindividual  jadgment. 

(3)  One  prize  question  each  ia  to  be  published  annually  by  the  theo- 
logical, juristical,  and  medical  faculties,  and  two  by  the  philosophical 
faculty,  the  latter  alternating  from  year  to  year  between  one  general 
philosophical  and  one  historical,  against  one  philologhical  and  one 
mathematical  or  physical. 

(4)  Each  faculty  selects  its  own  questions  alternately  from  its  various 
branches.  The  member  to  whose  specialty  the  question  belongs  is  the 
privileged  questioner.  The  proposition  haa  to  be  made  in  writing  and 
be  submitted  to  the  faculty  in  regular  session  on  the  20th  July,  and  is 
accepte4l  with  two-thirds  minority. 

(C)  All  prize  questions  are  published  annually,  on  the  birthday  of 
the  King,  by  means  of  a  Latin  programme. 

(6)  Only  students  of  the  Berlin  University  are  admitted  to  competi- 
tion, and  the  essay  has  to  be  written  in  Latin. 

(7)  Nine  months  are  allowed  for  the  essay,  viz,  from  AugustSof  one 
year  to  May  3  of  the  following  year. 

(8)  The  replies  have  to  be  delivered  to  the  University  secretary  in 
sealed  envelopes  and  addressed  to  the  respective  faculty.  Bach  essay  is 
to  contain  a  sealed  slip  bearing  on  its  inside  the  name  of  the  writer  and 
on  the  outside  the  motto  which  has  to  be  written  in  the  essay  noder- 
neath  the  title.  These  essays  have  to  be  delivered  to  the  faculty  un- 
opened. Before  a  decision  can  he  made  it  is  necessary  that  the  essays 
cirenlate  among  all  members  of  the  faculty ;  the  member  who  has  pro- 
pounded the  question  then  has  to  make  an  esplicit  report  of  all  tJie  es- 
says and  snbmit  the  same  to  the  faculty  at  the  lateston  the20thof  July, 
when  the  papers  will  l>e  discussed  as  to  their  merits^  -  ^y■f}Tf,  ■  regolftf 
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s  rpqnirecf  to  be  present  at  tbat  meeting  or  to  make  a  satis- 
ractory  escuse.    The  majority  decides  as  to  the  awanl. 

(9)  A  Domber  of  essays  of  insafficieot  valae  having  been  received 
only  by  any  facility,  it  retaJDS  the  award  antil  the  year  following,  when  . 
tvo  qaestions  will  Ite  proponnded.  In  the  case  of  nnsatisfactory  resnits 
to  the  second  issue,  the  ministry  reserves  the  right  for  fnture  action. 

(10)  The  prize  consists  of  a  gold  medal  in  the  value  of  2S  dncats 
(«60). 

(11)  The  festive  proclamation  of  all  the  prizes  takes  place  on  Aagnst 
3,  the  birthday  of  the  King,  following  immediately  upon  the  oration. 
The  public  speaker  of  the  University  is  required  to  announce,  in  brief, 
the  decisions  of  the  facnlty  of  each  of  the  essays.  Thereapon  the  en- 
velope containing  the  motto  of  the  victorious  student  is  opened  and 
read,  together  with  the  name  of  the  essayist. 

(12)  The  envelopes  containing  the  names  of  the  nnsnccessful  candi- 
dates are  not  opened,  bat  may  be  withdrawn  from  the  secretary,  together 
with  the  essay.  The  crowned  essay  is  also  returned  to  the  writer  after  a 
eopy  has  been  made  of  it  for  the  archivee  of  the  University,  and  may 
be  published  by  the  antbor  for  his  own  bene&t. 

The  same  rules  are  adopted  with  regard  to  the  municipal  prizes,  of 
which  one  to  the  value  of  225  mark  ($56)  is  placed  at  the  disposal  of 
each  faculty.  The  prizes  were  fouuded,  together  with  stipend,  on  occa- 
asiou  of  the  fiftieth  anniversary  of  the  University. 

StatisHcs  of  prize  questions  for  the  years  1825-1386  show  the  fol- 
lowing resalts:  537  questions  were  propounded  during  the  past  sixty 
years;  ?T9  essays  have  been  snbmitted,  and  of  these  392,  37.5  per  cent, 
have  received  the  prize ;  25,  3.2  per  cent.,  the  second  reward ;  and  108, 
13.9  per  cent,  public  acknowledgment.  With  regard  to  the  distriba- 
boo  by  facultjea  the  following  result  is  shown: 
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Tnttitutes  connected  with  the  TPnivergity. 

The  University  Library. — Theflrst  impnlBe  towanlx  establishing  an 
iodepettdeDt  library  for  the  UniTersity  was  given  in  1829,  both  by  the 
rector  aud  the  seiiate  of  the  [Tniversity  aod  by  the  chief  librarian  of  the 
Royal  Library,  Prof.  Dr.  Wicken.  In  a  report  to  the  proper  department 
of  the  Crovemment  it  was  stat«d  that  the  Boyal  Library  had  become  id- 
sufficient  for  the  wants  of  the  professorannd  students  of  the  Uulversity, 
and  that  for  those  a  separate  library  bad  become  necessary.  The  es- 
tablisbioent  of  such  a  library  was  then  decided  by  royal  decree  of  Feb- 
mary  20,  1831. 

The  resources  of  the  library  were  at  first  very  moderate,  and  oonsistal 
of  600  tbaler  (1375),  collected  from  the  stadents;  furthermore,  it  was 
decided  that  each  doctor  upon  promotioo,  each  private  lecturer  uixtu 
his  qualification,  and  each  professor  upon  receiving  his  appointmeut, 
was  to  pay  5  thaler  ($3.75)  towards  the  support  of  the  library.  For  its 
location  some  rooms  were  allotted  iu  the  Zioyal  Library.  The  chief 
librarian  of  the  Royal  Library  was  designated  as  principal  librarian, 
and  two  officials  given  him  for  the  i>erformance  of  the  administrative 
work. 

The  establishment  prospered,  notwithstanding  the  many  difficulties 
presenting  themselves.  The  moderate  means  were  carefully  invesled 
in  suitable  books,  and  the  library  further  increased  by  many  donations 
and  by  the  compulsory  additions  exact«<1  from  the  publishing  houses 
of  the  palatinate  Brandenburg. 

The  library  lends  boolis  for  home  perusal  and  is  also  used  as  a  read- 
ing-room. 

For  the  lending  of  books  the  library  is  open  daily  from  9  A.  H.  to  2 
p.  H. ;  on  Saturdays,  only  to  1  p.  h.  The  reading-room  is  open  daily 
from  9  A.  H.  to  7  p.  h.  ;  ou  Satnnlays  to  1  p.  M.  only.  During  the  sum- 
mer vacations  the  library  is  open  from  11  A.  H.  to  1  p.  h.,  but  the  read- 
lug-room  remains  closed. 

The  budget  of  the  library,  exclusive  of  salaries,  is  put  at  10,500 
mark  ($2,625)  for  books  aud  binding,  aud  4,300  ($1,075)  for  incideutals. 

The  personnel  consists  of  a  librarian,  three  custodians,  two  assist- 
ants, two  auxiliaiy  helpers,  two  library  messengers,  and  one  porter. 

The  Mathematical  Seminary. — The  first "  seminary  act,"  the  request  for 
the  establishment  of  a  mathematical  seminary,  originated  on  April  6, 
1860,  and  is  worded  as  follows : 

"In  the  mathematical  sciences  more  than  in  any  other  branch  of  sd- 
ence  it  is  necessary  that  not  alone  the  substauce  of  the  lecture  is  under- 
stood, but  that  the  students,  and  especially  the  more  advanced,  should 
have  an  opportunity  for  iustruction  in  the  application  of  the  object  of 
their  studies.  For  that  purpose  the  establishment  of  a  mathematical 
seminary  in  connection  with  the  University  appears  to  present  the  best 
solution.     In  the  opinion  of  the  petitioners  such  a  m^tliomqtiical  ficiea- 
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tific  Beminary  would  tend  to  promote  the  matbematical  education  of 
tlie stadeots  aiid  exert  agreatand  favorable  infliicuco  uimn  tlieir  prac- 
tical training  as  teachers." 

An  aaniial  appropriatioD  of  500  thaler  ($37S)  vas  requested  for  the 
sDpport  of  the  Bcminary,  of  which  8um  one-half  was  to  be  devoted  to 
the  acquisition  of  a  8x>ecial  library  aud  the  other  half  to  prizes. 

On  April  23, 1861,  the  ministry  authorized  the  annonncemeul  of  sem- 
inary  exercises  nnder  certain  provisional  regulations,  and  the  sum  of 
3jO  thaler  ($187,50)  was  allowed  for  the  purchase  of  books.  On  April 
26, 1861,  the  students  were  invited  to  participate.  The  alphabetical 
list  of  the  members  of  the  first  mathematical  seminary  is  dat«d  May  5, 
1861. 

On  October  15, 1861,  the  draft  of  regulations  for  the  mathematical 
seminary  was  submitted  to  the  University  and  accepted  October  7, 
1864. 

The  regulations  of  October  7,  1864,  are  as  follows : 

(1)  The  mathematical  seminary  is  a  public  iostitnte  established  in 
(onnection  with  the  University  and  has  for  its  object  the  instructiou  of 
Boch  students  of  mathematical  sciences  as  have  already  obtaiued  a  cer- 
tain degree  of  proficiency  by  aitling  them  in  the  independent  applica- 
tion and  by  affording  them  literary  assistance,  thus  euabling  them  later 
on  to  promote  and  increase  mathematical  stu<lies. 

(2)  The  minister  of  education  has  the  oppointment  of  two  professors 
of  the  philosophical  faculty  to  supervise  the  exerciaes  of  the  students. 

(3)  Only  those  matriculated  students  can  be  admitted  as  ordinary 
members  who  devote  themselves  especially  to  the  stady  of  mathematics 
and  have  been  engaged  in  that  study  for  at  least  one  year  at  some  ani- 
Tersity.    Foreigners  are  eligible  on  the  same  conditions. 

(4)  The  admission  is  granted  upon  the  presentation  to  the  director 
of  a  discourse  aud  au  essay,  thu  examiuation  of  which  will  prove 
vbetfaer  the  applicant  possesses  sufficient  knowledge  and  interest  to 
advantageously  partake  of  the  privilege.  The  essay  may  be  omitted 
Dpon  special  occasions  in  which  the  director's  testimonial  is  sufficient 
guaranty  for  the  efficiency  of  the  applicant. 

(5)  The  number  of  ordinary  members  is  limited  to  twelve.  The  di- 
rectors, however,  are  emjiowered  t«  exceed  that  number  by  the  apiwiut- 
BieQt,a8  extraordinary  members,  of  a  few  students  possessing  the  neces- 
sary requirements  for  admission. 

(6)  Any  remiss  member  may,  after  having  been  cautioned  and  admou- 
iahed  by  the  director,  be  excluded  from  attending  the  seminary. 

(7)  The  meetings  of  the  seminary  take  place  weekly,  at  such  a  time 
aa  will  permit  ita  extension  to  two  hours  or  more. 

(8)  The  scientific  exercises  of  the  seminary  are  both  oral  and  in  writ- 
ing. The  oral  exercises  consist  in  the  free  discussion  of  known  mathe- 
matical problems  or  of  questions  propounded  by  the  director,  or,  at  times, 
by  Bome  of  the  students,  and  in  addresses  by  the  students  on  the  results 
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of  their  own  experiments  or  on  tlie  roanltA  of  their  studies.  The  exer- 
cises in  writiuf;  cousisL  iu  the  exoentioii  of  problems  given  by  the  di- 
rector, and  are  arranged  in  such  suecessioQ  that  they  will  cover  the 
entire  field  of  mathematics,  and  combined,  tend  to  its  better  anderataod- 
ing,  and  also  in  the  )>repar.ition  of  larger  essays  or  demonstrations,  the 
snbjects  of  which  are  given  by  the  director  or  are  selected  by  the 
students  themselves.  The  board  of  directors  examine  and  judge  these 
essays. 

(9)  The  stndents  who  excel  in  both  oral  and  other  exercises  sire — 
toward  the  close  of  eacli  course — to  be  reported  to  the  minister  of  edu- 
cation with  recommendations  for  the  prizes  set  apart  for  the  purpose. 
These  semi-annual  reports  contain  also  a  statemontof  tbeexeroiaesfadd 
and  the  general  state  of  the  seminary. 

(10)  A  library  of  the  best  and  most  nsefnl  mathematical  works  is  to 
t>e  maintained  for  the  free  nse  of  the  students  and  for  use  in  the  meet^ 
ings  of  the  seminary. 

The  annual  appropriation  for  the  seminary,  since  April  25, 1864,  has 
been  1,200  mark  (|300),  of  which  750  mark  ($187.60)  are  expended 
for  the  library  and  4&0.($il3.50)  for  prizes.  The  latter  however  were 
established  by  order  of  March  14,  1884. 

Tlie  Obtereatory  and  Computation  Institute.— Tht)  first  impalse  fortiie 
establishment  of  the  Berlin  Observatory  was  given  toward  the  end  of 
the  seventeenth  century  by  the  acceptance,  on  the  part  of  tlie  Protest- 
ant powers  of  Germany,  of  the  Gregorian  calendar.  King  Frederick 
I,  in  order  to  emancipate  the  country  from  foreign  researches  and  labors 
which  had  largely  entered  into  consideration  on  imiwrtant  occasions, 
resolved  to  utilize  this  ciiange  which  affected  all  domestic  attlurs,  by 
estabbshing  an  observatory  and  a  society  of  sciences.  He  therefore 
ordered  the  erection  of  a  square  tower,  84  feet  high  and  40  ftet  a  side, 
the  second  door  of  which  was  to  be  reserved  for  the  society  of  scieooes, 
while  the  third  floor  was  to  be  ntilized  by  the  astn>nomer  of  the  society 
for  purposes  of  observation.  The  building  was  dedicated  on  Jannary 
19,  1711. 

The  first  astronomer  of  the  society,  Gottlieb  Eirch,  had  been  ap- 
pointed iu  July,  17(M»,  but  he  died  (July  25, 1710)  before  the  completion 
of  the  building. 

On  October  15, 1828,  King  Fre<lerick  William  III  granted  a  request 
of  Alexander  von  Hnmlwld  forthe  pnrcbaseof  aFrannhofer  refractor. 
The  instrument  was  received  in  March,  1829,  but  remained  in  the  pack- 
ing cases. 

On  August  10,  1830,  permission  was  given  for  the  pnrchase  of  a  site 
for  a  new  observatory  which  was  to  be  located  in  suflBciently  close  prox- 
imity to  the  academy  and  the  university  to  enable  employda  of  the  ob- 
servatorj-  to  continue  their  connection  with  those  establishments.  Tbe 
building  was  completed  in  1835. 

d„:,ip<.-jm,CjOO<^Ic 
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Id  1868  a  uew  meridiau  circle  by  Pistor  aud  MartiuM  was  piirvlia«iud ; 
in  1899  a  hermetically  sealed  peodalum  clock  by  F.  Tiede  and  Id  lS79a 
Dniversal  transit  by  G.  Bamberg. 

The  pnblicatioD  of  tbe  "  Berliuer  Astrouomisclies  JHltrbucli,"  wbivh 
had  been  nnder  tbe  care  of  the  director  of  the  observatory,  was  iu  1S71 
tnmsferred  to  a  special  division  of  tbe  observatory,  known  by  tbe  name 
of  "Astrooomisehes  Bechen-Iustitat"  (AHtrouomicai  Computation  In- 
stitote)^ 

He  Computation  Inttitvte,  in  addition  to  its  regular  staff,  gives  employ- 
mwt  to  five  regular  and  to  a  varyiug  uuniber  of  temporary  assistants. 

The  Institute  also  contains  rooms  for  the  exercises  of  the  Univer- 
sity SetniDary  for  tbe  instraction,  in  scientific  calcalation,  of  a  number 
of  students. 

The  budget  of  the  observatory  lor  regular  expenses  is  fixed  at  11,310 
mark  (92,835),  and  that  of  tbe  Computing  Institute  at  8,81)0  mark 
(13,200),  to  which  for  the  latter  are  added  15,000  mark  ($3,750),  to  be 
nsed  in  tbe  pablicatiou  of  the  "  Astronomischea  Jahrbucb,"  together 
with  the  compensation  of  any  computers  required  for  the  same. 

Iu  cime  counectioD  with  tbe  "AstronomischeB  Jahrbui-b,"  tbe  publica- 
tion of  wbicb  was  begun  in  1772  by  order  of  the  Royal  Academy  (and 
the  one  hundred  and  thirteenth  annual  volnme  of  which  has  just  been 
poblished),  the  observatory,  since  its  reconstruction  iu  1835,  ha^  em- 
ployed itself  priucipally  with  the  determination  of  i>ositious  of  flxetl 
■tars,  planets,  aud  comets. 

Tbe  results  of  these  observatiouH  are  published  partly  in  five  folio 
volnmes,  entitleii  "Beobachtuiigen  der  koutglicheu  8ternwarte  zu  Ber- 
lin," and  partly  in  the  *'  Astroiiomisclie  Kachrichteu." 

Five  planets  belonging  to  the  group  between  Mars  and  Jupiter  and 
thirteen  comets  have  been  discovered  at  the  observatory. 

A  remarkable  fact  is  to  be  recorded  iu  the  annals  of  the  observatory 
ID  that  the  planet  Neptnue,  tbe  existence  of  which  had  been  surmised 
by  Besset  in  1823  from  some  inexplicable  irregularities  in  the  motion  of 
UraDus,  and  the  location  of  which  had  been  calculated  by  Le  Verrier 
ud  Adams  on  tbe  basis  of  these  disturbances  was  really  discoveretl  in 
the  calculated  place  on  September  23,  1846,  by  Galle,  with  the  aid  of 
the  Fraunbofer  refractor. 

Tke  Meteorological  Jiw(»(»to.— This  Institute  owes  its  existence  to  the 
eiertions  of  Alexander  von  Humboldt,  as  a  result  of  which,  the  King 
by  order  of  October  17, 1847,  caused  its  establish  men  t  under  the  direc- 
timof  the  Koyal  Statistical  Bnreaa,  of  which  it  formed  an  independent 
MMotiBc  division  nutil  March  31,  1886. 

KegoUatiousfor  the  re-organization  of  the  meteorological  bureau  pond- 
ing for  ten  yeani  at  last  terminated  in  tbe  spring  of  1885,  and  Dr.  von 
BcEold,  professor  at  the  technical  high  school  at  Munich,  who  had  been 
iulaoed  to  accept  the  newly  created  chair  of  meteorology  at  tbe  Berlin 
Unirernty,  wm  appointed  director  uf  the  Meteoro\ogicHl  Xusiitut«, 
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The  iDBtltate  is  to  be  regarded  as  a  ceutral  poiot  for  the  collectioii, 
computation,  and  pablicatioa  of  meteorological  BtatioDS  of  Nortb  Ger- 
many, the  meteorological  systems  of  Oldeuburg,  Mecklenburg,  Hesse, 
the  Saxou  states  and  other  smaller  states  baviug  combined  nitli  iL 

Tbe  system  represents  the  following  arrangement  of  stations : 

(a)  One  hundred  and  thirty  stations  of  Class  II,  that  is,  such  stations 
making  three  observations  daily  of  all  the  instruments. 

(b)  Fifty  stations  of  Class  III,  at  which  a  limited  number  of  instni- 
meats  is  observed  twice  daily. 

(c)  Eighty  rain-fall  statious. 

At  present  a  plan  is  under  consideration  for  the  incorporation  in  the 
system  of  the  stations  (about  one  hundred  and  fifty)  of  the  "  Society 
for  Agricultural  Meteorology  in  the  i)roviuce  of  Saxony  andin  the  Uck- 
ermark,"  and  of  the  8tationt»-of  the  "Agricultural  Ceutral  Association 
of  Lithauia  and  Masnreu." 

The  appropriation  for  the  Institute  for  tbe  administrative  year  I886-'S7 
amounted  to  73,060  mark  («18,2Ci>),  of  which  32,560  ($8,1^)  were  in- 
tended for  salaries  of  officials,  assistants,  and  computors,  21,000  mark 
(t&,2S0),  for  the  payment  of  observers  on  stations,  and  19,500  mturk 
($4,876)  for  other  expenses.  For  architectural  changes  within  the 
rooms  occupied,  and  for  tbe  purchase  of  instruments,  44,0U0  mark 
($11,000)  were  allowed  by  special  act  and  further  amounts  promised 
during  the  coming  year. 

The  Physical  Institute. — Upon  the  extensive  space  lying  between  the 
Neue  Wilhelmstrasse,  Schlacbtgasse,  Doiotheenstrasse  and  river  Spree 
(wo  large  buildings  are  located,  each  of  108  meter  frontage,  of  which 
the  one  alon^  the  Dorothccnstrasse  has  been  &tted  up  for  the  Physio- 
logical and  Fbarmacological  Institutes,  while  that  facing  the  Spree  is 
occupied  by  the  Physical  and  the  Second  Chemical  Institutes,  all  being 
provided  with  the  required  directorial  dwellings. 

The  total  cost  of  the  entire  structures  is  4,500,000  mark  ($1,135,000), 
of  which  200,000  ($50,000)  were  paid  for  tbe  foundations  of  the  Physi- 
ological Institute,  310,000  ($77,500)  for  that  of  the  Fbysicallnstitate, 
120,000  ($30,000)  for  that  of  the.  Pharmacalogical  Institute,  110,000 
($27,600)  for  that  of  the  Chemical  Institute  and  00,000  ($15,000)  for 
those  of  the  dwelling  houses,  representing  80U,0!.>0  mark  ($200,000), 
oi  almost  oue-flfth  of  the  entire  cost  of  construction. 

Until  the  year  1833  the  University  did  not  possess  any  proper  col- 
lection of  physical  apparatus,  though  a  few  instruments  employed  in  tbe 
course  of  lectures  by  professors  had  been  purchased  and  placed  in  tlie 
hands  of  professors  using  them  for  scientific  investigation.  It  is  trae 
that  tbe  University  had  allowed  500  thaler  ($375)  annually  for  Id- 
creasing  the  collection  of  physical  apparatus,  yet  the  money  was  gen- 
erally employed  for  other  purintses.  The  want  of  proper  apparatos  be- 
OlMne  ^parent  when  Professor  Magnus,  the  late  diractor  of  tbe  ool* 
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leoHons,  desired  to  employ  a  number  of  tbem  iuillnstratiugaome  p]i;s- 
ieal  lectares.  Oa  that  occasiou  Baron  von  Altenstein,  the  mioister  of 
instrnctioD,  proposed  to  professor  Magnus  to  purchase  the  required  in- 
atrnments  from  his  ovu  means  and  suggested  a  repayment  by  the 
state,  of  500  thaler  (#375)  for  four  sacoesaive  years,  in  consideration  of 
which  a  certain  proportion  of  the  apparatus  was  to  become  national 
property. 

The  proposition  was  accepted  and  the  instmments  thus  purchased 
fbrmed  the  nucleus  of  the  present  physical  colleetion.  At  the  expira- 
tion of  the  above  contract  a  similar  arraugemeut  was  mado,  being 
renewed  annually  until  1843,  when,  upon  the  recommendation  of  Min- 
ister Eicbhom,  the  collection  was  placed  in  possession  of  a  certain 
allowance  per  year,  which  formed  the  only  means  ever  placed  at  its  dis- 
posal with  the  two  exceptious  of  tbe  donations  of  the  collection  used 
at  the  university  for  illustrating  Goethe's  color  theories,  and  of  a  col- 
lection in  tbe  bauds  of  Prof.  Paul  Erman,  and  transferred  to  the  insti- 
tute apon  his  death. '  Both  collections  combined  represented  only 
tveoty -seven  pieces,  so  that  almost  the  entire  collection  may  be  said  to 
have  been  procured  from  private  means. 

Since  1S14  the  collection  bad  its  rooms  in  the  university  building, 
bat  space  was  wantiug  to  enable  physical  researches  to  be  executed. 

Tbe  personal  collection  of  apparatus  and  the  library  of  Professor 
Magnus,  bequeathed  to  the  university,  formed  the  foundation  of  the 
physical  laboratory  of  tbe  nniversity.  Booms  were  assigned  upon  the 
Grat  floor  of  tbe  east  wing  and  connected  with  basemeut  rooms  con- 
taining the  collections  by  means  of  winding  stairs. 

The  present  building  was  begun  in  1873,  and  in  1878  had  progressed 
BQlBciently  to  justify  the  removal  from  the  university  building. 

After  the  first  few  terms  of  instruction  all  available  space  had  been 
occupied,  and  farther  applioatious  for  admittance  bad  to  be  rejected. 

The  present  director  of  tlie  institute  is  Privy  Uoancillor  of  Govern* 
meot,  Professor  Dr.  von  Helmholtz,  ^ 

IV  Mineraioguial  Aftueum.— Tbe  collection  of  minerals  established 
b;  Privy  GouncitloT  of  Mines  Dietrich  Karsten,  in  17S9,  by  order  of 
Hinister  Heiuitz,  consisted  of  Karsteu's  private  collection,  which  he 
had  presented  to  the  State  in  1781,  and  of  the  purchased  collections  of 
Coundllor  of  Mines  Ferber  and  Privy  Conncillor  of  Finance  Gerhard. 
In  1801  it  had  been  placed  in  tbe  mint  building,  and  by  royal  decree  of 
October  18, 1810,  became  incorporated  in  the  collectiona  of  tbe  univer- 
ntf  under  the  conditions  that  the  mining  department  should  be  r  ecog. 
nized  as  co-partner  and  should  be  consulted  in  case  of  required  chaoges- 
In  September,  1814,  it  was  placed  on  exhibition  in  tbe  nniversity  build- 
ing after  having  been  named,  in  May,  1814,  tbe  Mineralogical  Mqspqm 
irfUieUBiversity. 
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For  the  support  and  increase  of  tbo  museam  1,000  thaler  ($750)  were 
allowed  aonaally  BJoce  August,  1816,  which  atnoaut  has  aince  been  in- 
creased to  5,020  mark  ($1,355),  not  to  include  the  personal  expenses. 

The  muBeam  contaiDS  the  following  divisions: 

(1)  Systematic  miueralogical  collection. 

(2)  Display  collection  of  large  specimeos. 

(3)  Collection  of  cat  stones  and  rocks. 

(4)  Meteorite  collection. 

(5)  Systematic  geognostic  collection. 

(6)  Geographical  collection,  or  the  geoguostio  collection  of  the  vui- 
oas  countries  of  the  earth. 

(7)  The  palEGontolofrical  collection. 

(8)  The  library,  with  collection  of  charts,  well  supplied  with  topo- 
graphical maps  and  geognostic  m»t>s  by  the  L.  t.  Borch  collectiou. 

The  First  Chemical  Institute. — It  is  certainly  a  very  remarkable  fact 
that  of  all  the  German  universities  that  of  Berlin  should  have  been  the 
very  last  to  organize  a  chemical  institute,  comprising  everything  re- 
quired for  the  present  state  of  science,  since  the  chemists  couuected 
with  the  University  during  the  first  fifty  years  of  its  existence  occupy  a 
promioent  place  amoag  the  most  celebrated  investigators  of  the  present 
century. 

But  if,  notwithstanding  such  illustrious  representations,  a  great 
chemical  institute  was  not  established  until  about  twenty  years  ago,  it 
must  be  considered  that  at  the  time  of  the  fonudatiou  of  the  Uuiver»ty 
chemistry  was  already  existing  in  the  academy  of  sciences,  and  that  the 
chemical  chair  at  theUaiversity  was  generally  occupied  by  theacadeoiical 
chemist,  and  hence  the  University  was  relieved,  in  a  measnre,  £rom  the 
responsibility  of  providing  laboratories  for  the  chemical  professors. 

The  Ohemiciil  Institute  of  the  University  owes  its  esiateooe  to  the 
energy  of  the  Minister  of  Education  in  demaadiug  the  appointment  of  a 
UDi/ersity  professor  for  the  chemical  chair. 

The  selection  of  a  proper  site  was  the  next  difficulty  to  overcome,  and 
this  was  accomplished  by  the  purchase,  for  the  sum  of  72,000  mark 
($I8,000)from  the  Academyof  a  portion  of  its  owu  estate,to  wbioh  anf- 
cieut  additional  ground  was  obtained  for  the  erection  of  an  edifice,  which 
was  beguu  in  1866  and  completed  in  1867. 

In  addition  to  the  sum  estimated,  75,000  mark($18,750)weteexpended 
ou  the  internal  arrangements;  thus,  couutiug  all  necessary  expenditures, 
including  the  72,000  mark  ($18,000)  paid  the  academy  and  two-thiids  of 
the  purchase  money  paid  for  the  additional  lot  (only  two-thirds  of  the 
ground  having  been  used  in  the  erection  of  the  building),  954,000  mark 
($238,500)  were  willingly  paid  by  the  Prussian  Government  for  the 
erection  of  the  new  institute. 

The  Second  Chemical  Ittstitate. — This  institute  was  established  simnl- 
tttpeousl^  with  tlio  Pharmacologic^  lu^titule,  and  Qpeued  an  E»tw, 
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1883.  It  serves  speciaHy  for  the  study  of  inorgaoiv,  analytic,  and  min- 
eral chemistry,  aud  stands  uuder  tbe  direction  of  Pjxtf.  Dr.  Karl  Fried- 
rich  Rammelsberg. 

For  the  practical  teaching  two  divisions  have  been  eetablished.  In 
the  Byatbetic  laboratory  the  students  are  employed  in  tbe  preparations 
of  ebemittal  substances  and  tbe  easier  problems  of  quantitative  analysis, 
Thile  in  the  analytical  division  quantitative  analysis  forms  the  princi- 
pal sabject. 

The  budget  for  regular  expenditures  of  the  instilnte,  including  tbe  use 
of  water  aud  gas  has  been  fixed  at  11,1385  mark  ($2,821). 

ne  TeckMoiogical  Imtitute. — This  Inslitiite  originated  in  tbe  private 
laboratory  of  Professor  Wichelbans.  To  this  were  added  tbe  tecbuo- 
Ic^cal  collections  of  the  late  Professor  Magnus,  and  by  decree  of  Bep- 
tember  11,  1873,  the  first  means  were  provided  for  the  "establishment 
of  a  technological  laboratory  aud  for  tbe  tecbnological  collection  of  tbe 
Mversity."  In  April,  1883,  tbe  newly  created  Technological  Institute 
was  removed  to  its  present  (]uarters  under  tbe  direction  of  Prof.  Dr, 
Karl  Hermann  Wicbelhans. 

The  publications  of  tbe  institute  are  printed  principally  in  tbe  "Be- 
ncbte  der  deatHcheu  chemischon  Gesellschaft,"  in  the  I*  Verfaaudluugeu 
lies  Vereins  zur  Befordernug  des  Gewerbedeisses,"  and  iu  the  "  Patent- 
Behriflen." 

n«  Botanical  Garden. — The  greater  part  of  the  present  Botanical 
Oanlen  was,  at  about  the  middle  of  the  seveuteeutli  century,  employed 
fur  the  growing  of  bops,  to  be  used  in  the  electoral  brewery.  In  1C70, 
on  occasion  of  the  aboliabing  of  tbe  brewery,  Elector  Frederick  William 
ordered  the  garden  to  be  planted  in  fruit  trees  and  garden  truck. 

Under  the  reign  of  Kint;  Frederick  I  tbe  entire  internal  arrangement 
was  changed.  Olass-bouses  were  erected,  oranges  were  raised,  aud  the 
kitchen  garden  changed  into  a  royal  pfeaaure  garden. 

Under  Frederick  William  I  tbe  plans  were  changed ;  the  garden 
he^m  to  expand  and  to  assume  a  realty  botanical  character ;  but  the 
reform  had  barely  begnn  when  tbe  garden  was  transferred  to  tbe  keep- 
ing o[  the  Society  of  Sciences.  It  again  lost  its  botanical  character, 
Bioce,  in  planting  medicinal  berbe  and  plant^i  for  tbe  royal  pharmacy, 
the  practical  king  bad  songbt  to  utilize  it  to  tbe  fullest  extent.  Tbe 
society  could  not  afford  to  expend  more  than  600  mark  ($150)  a  year  ou 
tbe  garden,  and  furthermore,  its  great  distance  from  tbe  city  rendered 
it  difficult  to  find  a  suitable  person  to  sniwrvise  it. 

Id  1809,  on  occasion  of  tbe  founding  of  tbe  University,  the  Academy 
ofSciences  was  relieved  of  the  Botanical  Garden,  which  was  then  placed 
under  tbe  University,  with  a  guarantied  income  of  13,000  mark  ($3,250). 

In  1820  tbe  present  winterhoose  was  erected,  and  in  1821  tbe  oldest 
palm  house;  the  latt«r,  however,  proving  too  small  it  was  replaced  by 
Uw  present  succulent  house.  Iu  1832  the  garden  possessed  eighteen 
H.  Mis.  224 S 
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greeohouse  divisions,  representing  a  combined  length  of  360  meters 
(1,14S  feet)  witli  7,920  kilometer  cubic  contents. 

On  Jnly  22,  1S32,  the  Victoria  Begia  bloomed  for  the  first  time  id  a 
building  erected  for  ita  cxclnsive  use. 

In  view  of  the  principal  object  of  the  garden,  the  advancement  of  m- 
entiflc  botany,  it  should  be  the  effort  of  the  director  to  collect  in  his 
garden  extensive  material  for  scientific  botanical  research,  and  to  see 
that  it  represents  the  entire  vegetable  kingdom  to  completeness. 

The  scientific  moans  at  the  command  of  the  garden  are  the  library, 
the  microscope  with  aosiliary  apparatus,  all  of  which,  together  witJi 
the  catalogaea  of  plauts,  are  preserved  in  the  ofSces  of  the  palm  boase. 

The  working  force  consists  of  two  principal  assistants  (foremen),  fifteen 
regular  assistants,  ten  younger  aHsiHtati ttt,  some  of  them  voluntary  assist- 
ants without  compensation,  one  overseer,  one  engineer,  one  masoD, 
one  cabinet-maker,  one  carpenter,  one  glazier,  one  honse-keeper,  seven- 
teen laborers,  seven  to  ten  char-womeii,  and  ten  to  twelve  boj's. 

The  plants  cnltivated  in  the  garden  daring  the  year  1886  comprise 
18,837  species,  rarietieH,  and  forms.  The  bndget  is  fixed  at  85,365 
mark  (*21,341). 

The  garden  is  opeu  to  the  public  every  day  (except  Saturday,  San- 
day,  and  legal  hoHdays)  from  8  a.  m.  to  7  r.  m.  (in  winter  until  dusk). 
Strangers  are  admitted  at  any  day. 

The  public  makes  very  good  use  of  this  permission,  more  especially 
during  the  period  of  blooming  of  the  Victoria  liegia,  and  also  when  the 
plantation  of  gourds  ia  at  \ts  height.  From  six  to  seven  thonaaud  vis- 
itors have  been  reconled  in  a  single  day. 

Special  permission  by  card  to  visit  the  grounds  is  given  to  any  one 
desiring  to  investigate  or  study,  and  this  8)>eoial  i)errai8sion  includes 
the  privilege  to  visit  portions  closed  against  the  ordinary  public,  and 
it  also  entitles  the  bearer  to  receive  flowers  or  other  material  for  in- 
"vestigation.  Plants  or  parta  of  plants  are  also  furnished  to  non-resi- 
dent botanists.  The  garden  supplies  the  University  and  Royal  Schools 
with  the  material  required  for  botanical  lectures. 

The  Botanical  Museum. — Collections  of  curious  objects  from  the 
vegetable  kingdom  as  well  as  of  dried  and  mounted  plauta  had  been 
commenced  by  the  Society  (later  Academy)  of  Sciences  in  the  last  cen- 
tury. The  first  herbarium  presented  to  the  society  which  possessed  a 
really  scientific  value  was  that  of  Andreas  Guudelsheimer,  couaistiog 
of  oriental  specimens.  Another  important  collection  was  begun  bj'  Lnd- 
wig  Stoach  in  the  Netherlands,  Prance,  and  the  Pyrenees  by  order  of 
King  Frederick  I.  The  Koyal  Library,  too,  and  the  Art  Collection  con- 
tained a  few  collections  of  plants  bound  op  in  book  form,  of  which  the 
oldest  and  most  interesting  is  that  of  J.  S.  Elshob.,  the  court  physician 
of  the  great  elector  and  director  of  the  pleasure  garden.    The  "Geaell- 
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schftft  naturforrtcbeiider  Freundo"  at  Berliu,  too.  had  its  own  cabinet 
of  natnral  curiosities,  but  all  these  divisions  were  gradually  transferred 
to  the  Botanical  Museum. 

The  Royal  Herbarium  proper,  which  did  not  receive  the  designation 
"Boyal  Botanical  Museain"  until  1879,  existed  since  1818,  when  the 
Willdenow  coUeotion  of  plants  was  purchased  for  36,000  mark  ($9,000.) 
The  collectious  were  at  first  deposited  in  the  rear  portion  of  the  bnild- 
tOKlDorotheenstraase  10)  belonging  to  the  Academy,  and  in  1823  were 
trutsferred  to  a  boase  which  had  been  purchased  as  a  dwelling  bouse  for 
the  officifda  of  the  garden,  but  which  bad  been  let  to  the  "  School  for 
Gardeners." 

In  1824  the  berbariam  of  Inspector  Otto  was  purchased,  comprising 
l)etween  fourteen  and  fifteen  thousand  species  and  Leopold  von  Buchs 
presented  his  collection  made  at  the  Canary  Islands. 

A  new  feature  was  now  introduced,  that  of  the  lending  out  of  collec- 
tiooB.  Until  then  they  had  been  used  and  studied  in  tbe  building  by 
bat  few  people ;  now  any  botanist  employed  in  morphological  aud  floral 
studies  conlil  have  the  required  material  sent  him  ;  thus  tbe  herbarium 
obtained  a  number  of  collaborators  who  voluntarily  nndertook  tbe 
determination  of  species,  which  resulted  in  the  acquisition  of  a  nnmbc  of 
original  specimens.  Upon  tbe  return  of  a  collection  the  duirlicates  were 
divided  and  employed  in  exchange  with  tbe  leading  eBtablishment«  of 
London,  St.  Petersburg,  Paris,  etc.  The  budget  for  tbe  purcbase  of 
plants  being  limited  to  720  mark  (llSO),  only  collections  of  the  greatest 
importance  could  be  procured  from  these  means. 

Although  tbe  means  for  running  exttenses  were  thus  limited,  the  Gov- 
ernment provided  liberally  on  extraordinary  occasions  to  secure  the 
uqniBitioD  of  large  and  important  private  collections. 

By  snch  means  the  Knnth  herbarium  was  obtained,  which  consisted  of: 
(1)  A  general  collection  of  about  44,600  species  iu  about  60,000  speci- 
mens, comprising  many  duplicates,  from  tbe  Paris  Museum,  aud  about 
3,000  origin  als  to  "  Humboldt,  Boupland,  and  Knnth  Nova  Genera  et 
Spedes ;"  (2)  a  collection  of  dried  plants  from  the  botanical  garden  at 
Berlin,  comprising  10,300  si>ecies;  and  (3)  a  collection  of  woods.  The 
price  paid  was  24,000  mark  ($6,000). 

The  Link  herbarium  purchased  in  1S52  for  4,500  mark  ($1,125) 
wriched  principally  tbe  European  flora,  especially  by  specimens  col- 
lected by  himself  iu  Portugal  and  Greece.  It  also  increased  tbe  collec- 
tion of  fungi.  The  arrangement  of  garden  plants,  too,  was  of  groat 
importance.  The  entire  collection  represented  3,113  cryptogams  and 
16^  phanerogams. 

The  von  Nees  von  Eserbeck  collection  of  glumaceie  was  purchased 
ia  1855  for  2,700  mark  ($675).    It  contained  9,559  species. 

The  collection  of  lichens  of  Major  von  Flotow  was  purcha8e<l  in  1857 
f«r6,000  mark  ($1,500). 
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Two  donatioRB  were  received  which,  aside  ft^m  the  traDsportation, 
did  not  cauae  further  expense.  One  of  Cliem,  the  herbarium  of  Lieo- 
tenant  General  von  Gaiisauge,  obtained  in  1871,  contained  aboat  15,000 
species,  while  that  of  Professor  Laarer,  reoeived  in  1874,  coBtaioed  a 
rare  collection  of  lichens  and  of  mosses. 

Upon  the  death,  in  1877,  of  A.  Brauns,  the  state  purchased  his  collec- 
tions for  21,000  mark  ($5,250),  the  Academy  of  ScioDc«s  his  scientiflc 
manuBcripte  for  4,000  mark  ($1,000).  They  were  transferred  to  the 
museum  on  condition  that  they  were  to  be  preserved  and  made 
accessible  to  specialists.  The  botanical  collections  consisted  of;  (1)  a 
morphological  herbarium  of  forty-three  maps;  (2)  an  herbarinm  of 
phanerogams  of  considerable  extent,  which  excelled  by  its  wealth  of 
forms  and  localities ;  (3)  a  valuable  herbarinm  of  cryptogams ;  (4)  a 
collection  of  fruits  and  seeds,  among  which -the  cycadte,  couifene,  and 
juglaudie  deserve  special  mention. 

Owing  to  the  want  of  sufficient  accommodation  the  herbarium  was, 
in  1S57,  transferral  to  Berlin,  and  assigned  rooms  in  the  cast  wing  of 
the  University.  Here  the  collections  remained  until  March,  1880,  when 
they  wore  removed  to  the  new  building,  erected  at  a  cost  of  280,000  mark 
($70,000)  for  the  building  and  80,000  ($20,000)  for  its  internal  arrange- 
ment. 

At  about  that  time  the  large  and  precious  Metteuius  coUuctiou  of 
ferns  was  purchased  for  6,000  mark  ($1,500). 

The  most  valuable  collection  of  Dr.  Georg  von  Martens  was  pre- 
sented by  his  heirs.  It  comprisetl  12,439  species  and  contained  among 
others  the  originals  employed  in  "  Schlibter  and  Martens  Uora  of  Wilr- 
temborg,"  valuable  collections  made  by  the  Wiirtemberg  Travelers 
Society,  and  also  4,101  s))ecie8of  salt  water  algte  in  the  best  possible  state 
of  preservation  and  fully  described  by  the  former  owner. 

Finally  the  herbarium  of  the  late  Professor  Lorentz  was  received 
(who  died  in  the  Argentine  Republic),  which  contained  a  large  and  crit- 
ical collection  of  mosses  sis  well  as  a  rich  herbarinm  of  the  Argeatine 
flora,  being  largely  the  originals  employed  in  "  Griesebacb's  determina- 
tion of  the  Argentine  plants." 

Access  to  the  collections  is  granted  to  any  one  personally  known  or 
properly  introduced.  Any  one  desiring  to  comi>are  or  study  plants  or 
other  objects  receives  iiermission  uiHtn  application,  and  is  furnished 
desk  nnd  temimrary  desk -room.  Responsiblebotaniste  within  the  Prus- 
sian domains  can  obtaiu  the  use  of  objects  at  their  respective  homes 
for  a  limited  period  of  time.  Non-resident  botanists  can  obtain  that 
privilege  only  nimn  special  permission  froui  the  department. 

The  collections  of  the  museum  are  oiien  to  the  general  public  in  sum- 
mer on  Monday  and  Thursday  afternoons. 

Tlic  Uiiircnit!/  Garden. — Owiug  to  the  greatdistauceof  thebotauical 
gardfii  the  establishment  of  a  garden  as  auxiliary  means  in  the  botan- 
ical instmctious  received  early  consideration  soou  after  the  founding  of 
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tJie  University,  and  iu  1820  the  space  in  the/ear  of  the  University  was 
employed  I'ur  the  purpose.  The  garden  vas  intended  toconuiit  the 
priucipal  olliciual  iilants  and  those  reseinbliug  these;  and  .ilao,  as  far  as 
practicable,  economical,  technical,  and  commercial  plants;  while  in  the 
BDTronndiog  vacant  spaces,  ornamental  trees  and  shrnbs  were  to  be 
planted.  The  establishment  was  completed  in  1821-'22.  It  was  pro- 
Tided  with  a  greeQ-hoase  containing  a  cold  and  a  hot  division.  The 
Vtants  were  fUmished  by  the  botanical  garden,  nnderthe  care  of  which 
tlie  new  plantation  was  placed.  In  1837  it  was  made  independent,  by 
the  Appointment  as  University  gardener,  of  Mr.  Saner,  of  the  botanical 
garden.  As  long  as  bnt  one  regular  ehairexisted  at  the  University  for 
botany,  the  incumbent  always  held  the  appointment  of  director  of  both 
tlie  Botanical  and  University  gardens. 

The  garden  has  not  increased  in  extent.  A  small  earth-boase  was 
added  to  the  existing  green-booae.  Another  small  dirt-house  withont 
foroace  serves  for  the  wintering  of  less  sensitive  plants.  The  heating 
of  the  other  houses  Is  effected  by  means  of  hot  water  through  copper 
pipes.  In  the  selection  of  green-honso  plants  special  attention  was 
given  to  those  used  for  officinal  and  domestic  purposes. 

The  Botanical  Inatituie. — This  Institute  was  establishetl  in  1878  on  the 
top  door  of  the  old  Exchange  Building.  A  large  hall  with  favorable 
light  was  set  aside  for  microscopical  examinations  by  beginners,  and 
several  other  rooms  were  given  to  the  more  advanced  students.  A  small 
chamber  served  as  dark-room  and  a  large  corner  room  was  titt«(t  up  as 
a  physiological  lalwratory.  The  director,  the  assistants,  and  the  mes- 
senger had  each  one  room  assigned ;  an  assembly  room  and  a  lecture 
hall  seating  from  thirty  to  thirty-five  were  also  provided. 

Id  the  autumn  of  1S33  the  Institute  was  transferred  to  its  present  lo- 
cation, the  situation  ol  which,  in  the  vicinity  of  the  University  and  of 
the  University  garden,  may  be  pronounced  as  verj'  favorable. 

The  Institute  possesses  at  present  nineteen  large  and  twenty-eight 
HDall  microscopes,  together  with  all  the  requirei.1  auxiliary  apparatus 
(prisms,  micrometer,  goniometer,  etc.),  twenty-six  demonstration  micro* 
scopes  for  use  in  lectures,  one  microtom,  one  micro-spectroscope,  one 
solar  spectroscope,  one  large  spectral  apparatus  by  G.  &  S.  Merz,  one 
helioetate  by  Heele,  one  achromatic  lens  by  Steiuheil  (81  millimeters 
apttture),  one  cathetometer  by  Ileele,  one  compression -pump  with  lever 
by  Pfeil,  oue  double-action  air-pump,  one  double  aspirator  by  Warm- 
bmnn  &  Qailitz,  one  gas-regulator,  one  gasometer,  one  astatic  mirror 
galvanometer  by  Siemens  &  Halske,one  immersion  battery,  three  klino- 
slats,  among  which  one  very  large  and  powerful  by  Heele,  one  auxun- 
ometer  with  self-registering  clock-work,  two  pair  of  balance-scales,  and 
numerous  smaller  apparatus  and  models  for  physiological  research. 

The  budget,  exclusive  of  ntlmiuistration  and  salarie-s  of  assistant 
uid  messenger,  was  5,030  mark  ($1,482.50)  until  1885  when,  in  consid- 
eratiOR  of  lessened  necessities,  it  was  decreased  to  3,930  mark  (t98^BD}, 
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The  direction  of  the  laslitute  is  combined  with  the  chair  of  anatomy 
and  physiology  of  plants  at  the  Royal  University. 

The  J»8titHte  of  Vegetable  Physiology. — The  Institute  vas  created  in 
lS73,an(I  in  1880  auited  with  the  botaQico-mioroscopical  laboratory  of  the 
Agricnltaral  High  School  in  soch  a  manner  that  the  ase  of  the  scientJ6c 
apparatus  and  inventory  belonging  to  the  University  is  available  to  Vat 
RtudentH  of  cither  of  these  establishments,  while  the  means  of  support 
are  to  be  fnrnished  by  the  Department  of  Agricnltnre  exctusivety. 

The  object  of  the  lostitnte  is  the  study  of  morphology,  development, 
and  physiology  of  the  plants.  For  this  purpose  lectures  are  delivered 
atid  practical  instraction  fnrnished ;  the  stndents  also  have  an  oppor- 
tunity for  making  individual  examinations. 

The  lustitnte  contains  (1)  a  hall  for  the  students  in  microscopy,  seat- 
ing twenty,  and  facing  north ;  (2)  a  room  lor  the  director ;  (3)  a  room 
seating  tour  for  chemical  work ;  (4)  a  large  room  for  the  assistant  and 
six  of  the  advanced  students.  This  room  also  contains  the  library. 
(5)  A  dark-room ;  (6)  a  room  for  physiological  research  and  containing 
a  Pfetfer  rotary  apparatus ;  (7)  two  greenhouses,  in  which  the  objects 
for  microscopical  and  physiological  research  are  produced ;  (8)  a  small 
experimental  garden. 

The  Institute  is  well  provided  with  optical  instruments  and  physiolog- 
ical apparatus;  it  also  contains  extensive  collections  for  instmction, 
comprising  the  subject  of  morphology,  production  and  development,  and 
the  physiology  of  plants. 

The  Zoological  Mitseum. — The  establishment  of  the  Zoological  Museum 
is  contemporaneous  with  the  foundation  of  the  University.  The  Museum 
was  located  in  the  University  building  since  its  erection,  bnt  fh)m  the 
beginning  the  plan  and  execution  exceeded  the  material  required  for 
demonstration,  and  that  in  the  direction  of  creating  a  basis  for  the  sys- 
tematic knowledge  of  all  living  animals,  thus  to  form  a  zoological  center 
for  Germany  similar  to  that  at  Paris,  London,  Leiden,  Vienna,  for  their 
respective  countries.  The  Museum  was  planned  by  Count  Job.  v.  Hoff- 
mannsegg,  who  made  the  first  donation,  consisting  of  several  thousand 
specimens  of  Brazilian  mammals,  birds,  and  reptiles.  The  prindpal 
and  fundamental  stock  was  formed  by  the  donation,  by  the  royal  col- 
lections, of  a  number  of  natural  history  objects,  consisting  of  mammals, 
birds,  insects,  and  shells;  to  these  were  added  the  following  original 
collections: 

(1)  The  collection  of  fishes  of  Dr.  Marcus  Elieser  Bloch,  practicing 
physician  at  Berlin.  Originals  (partly  dried,  partly  in  alcohol)  described 
in  his  "  Naturgeschichte  der  Fisehe  Deutschlands,"  1782-1785,  and 
"  Natnrgeschichto  der  ausliindischen  Fisehe,"  1785-1795. 

(S)  Thecollectionof  Crustacea,  of  Job.  Friedr.Wilh.  Herbst,  pastor  at 
the  Church  of  St.  Mary,  and  purchased  for  -117  thaler  ($312.75).  Origi- 
nals used  in  his  "  Naturgeschichte  der  Krabben  nnd  Krebse,"  1790-1804. 
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(3)  A  large  collectioD  of  corala,  presented  by  couosellor  of  the  ooart, 
Dr.  Gerreaheiiu  of  Dremlea,  wboseoil  portrait  bas  beeu  placeil  iooneof 
the  halls  of  the  Maseum.  Tbe  collectiou  serves  as  basis  to  Ehreuberg's 
systematic  classification  of  corals. 

A  few  bat  bigbly  important  original  specimens  of  fisbea  and  conchy- 
lie  from  Northeast  Asia  were  presented  by  P.  S.  Pallas,  explorer  of 
BnsBia. 

Of  other  collections  added  by  explorers  at  the  earlier  times  tbe  fol- 
lowing may  be  mentioned :  Krebs  and  Bergtua,  Sontb  Africa ;  0.  G. 
Bhrenberg  and  Hempricb,  £gypt,  Nubia,  aud  tbe  coasts  of  tli«  Bed 
Sea;  Sello  and  v.  Olfeu,  Brazil  aud  tbe  La  Plata  regions:  von  Sack, 
Deppe,  aud  Schiede,  Mexico ;  Carl  Ebrenberg,  West  Indies,  principally 
St  Thomas;  J.  Calmnis  and  Zimmermann,  southern  portion  of  Korth 
America;  v.  Minntoli,  Canary  Islands;  v.  Sack,  Cyprus;  Eversmann, 
Bokhara;  Lamare-Picqaot,  Maskarena,  aud  Beugal  (purchased  in  1836 
for  0,000  tbaler)  ($4,500) ;  Lbotsky  and  Schayer,  Australia,  etc. 

The  mnseam  is  provided  with  a  fair  library,  wbicb  is  placetl  in  the 
rooms  of  tbe  director  and  custodians. 

The  budget  was,  in  1810,  fixed  at  2,200  tbaler  (tl,G50),  of  wbicb  1,900 
(|1,425)  were  paid  for  salaries  (exclnsive  of  that  of  the  director).  In 
1837  the  budget  was  increased  to  3,650  tbaler  (t3,662.50)  (salaries  3,400, 
(t3,550)  ] ;  in  1843  to  5,565  thaler  (|4,173.T5).  At  present  the  amount 
allowed  is  (exclusive  of  the  director's  salary)  1,800  mark  ($460)  64,670 
nark  ($13,667.50),  from  which  salaries  are  paid  to  tbe  curators  3,300 
(t825)  and  4,800  mark  ($1,200),  together  with  allowance  for  dwelling  to 
assistants,  and  taxidermists  from  1,200  to  2,400  mark  ($300  to  $600), 
while  22,960  ($5,740)  are  set  aside  for  iDcideotals,  of  which  amount 
one-half  is  reserved  for  purchases. 

The  museum  is  open  to  the  general  public  every  Thursday  and  Friday 
from  12  to  2  p,  M.  Owing  to  the  fact  that  tbe  exhibition  halls  are  not 
heated,  the  attendance  Varies  with  tbe  season;  it  is  most  numerous  on 
holidays.  Classes  of  schools  may  be  admitted  any  day  upon  proper 
application.  Stndeutsaro  supplied  witb  tickets  which  admit  them  every 
forenoon.  Artists,  upon  receiving  permission  from  the  director,  have 
an  opportunity  of  ilrawing  and  sketching.  Scientific  geologists  are 
admitted  at  any  hour  of  the  day 

Tke  Zoological  Institvte.—V/bea,  npoa  the  death  of  Prof.  Wilhelm 
Peters,  director  of  tbe  museum,  a  separation  of  the  University  profes- 
sorship and  direction  of  the  Boyal  Zoological  Museum  bad  t>een  de- 
cided on,  tbe  establishment  of  a  Zoological  Institute,  devoted  exclu- 
sively to  the  needs  of  academic  inHtnictiou  and  to  scientific  investiga- 
tion, became  urgent. 

Tke  Natural  Biatory  Museum. — The  Zoologicul  Museum  and  the  Zoo- 
logical Institute  were,  in  1888,  removed  to  a  new  building,  which  bears 
Uiename  "Natural  History  Museum."  f.w^.il,. 
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Tb«  biiilfting  consints  of  three  stories  above  the  basement.  The  front 
portion  is  intciidetl  to  coatain  the  Miaeralogicnl  Miiseam ;  it  forms  almoKt 
a  square  around  a  (rlasa-covered  court,  whicli  serves  as  an  entrance  to 
tbe  rear  portion  of  the  building  containing  the  Zoological  Maseont. 

The  Zoological  Oarden. — The  history  of  the  Berlin  Zoological  Oarden 
antedates  that  of  any  similar  establishments  of  German;. 

Its  nucleus  was  the  collection  of  live  animals  of  ^ing  Frederick  Will- 
iam III,  located  ui>on  the"  Pfaueninsel," near  Potsdam.  Uiwnhiedeatli 
Professor  Lichtcnstein,  the  naturalist,  iofloeQced  King  Preilerick  Will- 
iam IV  to  consign  the  aoinials,  as  a  beginning,  to  a  zoological  garden, 
the  erection  of  which,  in  the  neighborhood  of  tbe  capital,  had  already 
been  considered. 

The  former  pheasant  garden  (Conigliche  Fasanerie)  was  given  up  t« 
tbe  enterprise,  which  soon  was  called  into  existence  by  a  syndicate,  with 
the  aKSietance  of  money  grants  from  the  Government. 

For  a  number  of  years  the  ganlen  served  principally  for  scientific 
investigations  until,  in  about  1365,  by  the  establishment  of  gardeus  else, 
where  the  general  attention  was  drawn  toward  it.  A  comparison  with 
the  more  recent  establishment  proved  rather  unfavorable  to  tbe  home 
garden.  A  visit  of  the  Queen  Augusta  to  the  zoological  garden  at 
Cologne  gave  rise  to  the  consideration  of  important  improvements,  sug- 
gested with  the  view  of  making  the  Berlin  garden  worthy  of  tbe  dis- 
tinction of  being  located  in  the  national  capital. 

The  first  step  was  the  formation  of  a  company  which  issaed  shares  to 
tbe  amount  of  300,000  mark  (175,000)  aud  efi'ected  an  a<lditional  loan  of 
1,^0,000  mark  ($375,000).  The  ground  was  donated  by  the  Govern- 
ment, and  Dr.  H.  BoiHnus,  former  director  of  the  Cologne  garden,  was 
invited  to  assume  the  directorship.  So  energetically  did  he  proceed 
that  the  first  concert  could  be  arranged  for  in  the  garden  in  the  sum- 
mer of  1870,  before  the  commencement  of  the  Fi-anco-Prussian  war. 
The  new  establishment  bail  extended  its  usefulness  and  combined  tbe 
scientific  investigations  with  amusement. 

In  rapid  succession  the  various  buildings  were  now  erected  whiob  were 
to  serve  as  quarters  for  tbe  many  animals,  so  that,  in  addition  to  the 
old  buildings,  accommodations  were  prepared  for  the  mammals,  animals 
of  prey,  binls  of  prey,  for  tbe  antelopes,  birds,  elephants,  etc.  Consid- 
erable additions  were  made  to  the  stock  of  animals,  and  thus,  within  a 
remarkably  short  space  of  time,  an  establishment  was  created  which, 
while  it  conld  favorably  compare  with  any  other  existing  garden,  was 
also  worthy  its  rank,  and  took  a  consiticuous  place  among  the  points  of 
interest  of  tbe  residence  of  the  German  Empire. 

With  reganl  to  the  collection  it  may  be  said  that  it  comprises  repre- 
sentatives of  most  all  the  im[>ortAnt  mammals  and  birds,  in  as  many 
species  and  .specimens  as  can  successfully  be  provided  for. 

The  more  recent  constrnction  of  a  house  for  monkeys  has  offered  an 

n,g,t,7i.-JM,.COO<^le 
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opportunity  Tor  a  ricli  and  carefully  selected  collection  of  tliose  ani- 
mals. 

The  Aquarium, — Tlie  aqnariaui,  constracted  during  the  years  1867-'69 
(by  Ute  genial  architect  H.  Luer),  is  an  original  and  interesting  struct- 
are,  rich  in  grottoes  and  caves,  and  in  intended  to  harl>or  aiiimats  of 
other  classes  besides  aqaatic  animals.  The  marine  invertebrates  are 
priDcipally  represented. 

The  Berlin  Aquarian),  in  its  arrangement  and  facilities  for  the  obser- 
vttion  and  stady  of  the  lover  classes  of  animals,  offers  considerable 
iD«D8  for  Dataral  history  instruction,  and  thus  aids  materially  in  the 
development  of  natural  history  stady. 

To  scientists  it  offers  facilities  by  placing  at  their  distMsal  the  mate> 
rial  collected  from  many  places  and  seas. 

in.— THE  MILITARY  MEDICAL  INSTITUTEa 

[Omitted  here.] 

IV.— THE  AGRICULTURAL  HIGH  SCHOOL. 

With  regard  to  agricultnral  instrnction  in  the  margraviate  Branden- 
bnrg  itmay  be  stated  that  a  chair  for  agricalture  wsis  founded  in  1727 
>ttlie  University  of  Frankfort  on  the  Oder, 

In  1806,  by  invitation  of  King  Frederick  William  III  Albrecht  Thner 
established  tbe  first  German  agricnltnral  acailemy  under. the  name  of 
"Boyal  Academic  School  of  Agriculture  at  Miiglin.'^ 

In  1810,  the  trying  time  for  the  Kingdom,  when  the  development  of 
economic  and  industrial  resources  assnmed  the  greatest  importance  in 
tlie  straggle  to  supply  means  for  a  successful  warfare,  the  agricultural 
ichool  became  incorporated  in  the  University;  the  distance,  however, 
preventing  the  close  relationship  anticipated,  a  separation  again  took 
place. 

Sotwithatanding  thediscontinuance  of  agricnltnral  lectures,  some  few 
^tericultnrists  continued  in  their  attendance  to  the  University,  and  the 
wtboritjes  kept  np  their  relationship  to  the  agricultural  academy  in 
order  to  enable  students  in  the  branches  of  political  sciences  to  complete 
tlieir  studies  by  participating  in  tbe  practical  course  of  instrnction. 

While  in  most  of  the  Prnssian  provinces  special  agricultural  schools 
^ere  established,  the  agricnltnral  central  union  of  tbe  district  of 
Potsdam  in8ist«d  on  having  the  connection  kept  up  between  the  Royal 
Academic  School  of  Agriculture  and  the  University  at  Berlin. 

In  1860  the  old  agricultural  academy  at  Mugtin  ceased  to  exist  and 
an  agricnltnral  school  was  established  at  Berlin,  which  at  first,  aocord- 
inf!  to  sections  J,  3,  4,  and  5,  of  the  programme  illustrating  the  object 
of  tbe  institute,  was  depending  on  tbe  University  in  so  far  as  being  o|)en 
to  all  matriculated  students. 

The  present  requirements  exact  of  an  agricnlturist  a  more  thorough 
trieotiflc  training  than  was  ex)»ect«d  at  the  agricnltnral  school  at 
Moglin.  X.OOt^le 


122      THE   NATIONAL   SCIENTIFIC   INSTITUTIONS   AT    BERLIN. 

-    Since  1866  tbe  students  are  required  to  register  at  thecentnU  boreao 
of  tbe  Agricultural  peparttnent  inBteml  of  at  tbe  University  as  formerly. 

lu  1867  the  Department  of  Agrioalture  began  tbe  establishmeut  of  an 
agricnJtnral  museum,  tbe  nucleus  being  formed  by  the  exhibits  re- 
turnee) from  the  Paris  exhibition. 

Tbe  demand  for  increased  accommodatioofi  becoming  felt  more  press- 
ingly  each  year,  tbe  east  portion  of  the  site  formerly  occupied  by  the 
lloyal  Iron  Foundry,  was  assigned  to  the  erection  of  an  agricaltnral 
building  while  the  remaiuing  portions  were  to  be  devoted  to  boildingit 
for  the  Geological  Iiistitnte  and  Afining  Academy,  and  for  tbe  natanti 
history  Museum  of  the  tlniversity. 

Tbe  agricultural  building  was  erected  during  the  years  ISTO-'SO 
and  opened  in  1880,  with  the  International  Fishery  Bxhibition,  which 
was  held  in  the  portion  of  the  building  intended  for  the  agricnltnral 
museum.  The  opening  of  the  museum,  therefore,  had  to  be  deferred 
until  after  the  close  of  the  exhibition. 

By  royal  decree  of  February  14, 1881,  the  united  institute  and  mnseum 
received  the  name  "  Agricultural  High  School."  Its  constitntioa  whs 
arranged  for  by  provisional  statutes  of  May  27, 1881,  of  the  Minister 
of  Agriculture. 

The  coustitntion  provides  for  the  appointment  ofa  commission  for 
the  decision  of  points  of  organisation  and  to  submit  propositions. 

The  dilators  of  the  various  divisions  have  been  granted  considerable 
fk'eedom  of  action  and  separate  funds  have  been  placed  at  their  dis- 
posal. 

The  corps  of  teachers  is  presided  over  by  a  reotor  whose  election 
rests  with  the  above-named  oommiasion,  subject  to  confirmation  by  the 
ministry. 

The  business  afiiiirs  of  the  establishment  are  conducted  in  part  by  a 
board  of  trustees  and  partly  by  the  Ministry  of  Agricnlture. 

The  degree  of  education  required  for  admission  is  that  demanded  to 
eecnre  the  privilege  of  voluntary  service  in-the  army. 

An  addition  was  made  to  the  scope  of  the  institute  by  the  establish- 
ment, ill  1883,  by  ministerial  decree  of  October  10, 1882,  of  a  geodetic 
and  technical  course  for  surveying.  Special  teachers  have  been  em- 
ployed for  the  purpose.  The  students  of  geodesy  are  reqnii-ed  to  pos- 
sess the  tlegree  of  the  highest  class  of  a  gymnasium  or  real  school. 

The  museum  is  to  serve  tbe  double  purpose  of  academic  instruction 
and  of  being  tbe  central  institute  which  enables  investigators  to  engage 
in  special  studies;  by  its  exhibits  it  also  serves  for  the  education  of  the 
people. 

The  budget  for  1886-'87  fixed  the  expenses  of  the  high  school  at 
224,970  mark  ($56,242.60) :  its  income  is  39,328  mark  (99,832) ;  hence 
an  appmpriation  of  185,642  mark  ($46,410.50)  is  required. 

Examinations  take  place  for  (1)  ngricuttnrists.  '.2)  land  surveyors,  (3) 
technical  culture,  (4)  agricultural  teachers. 

D„:,i^,.-iM,CoO<^le 
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Three  prize  f|ue8tions  are  proponnded  at  tbe  close  of  eacb  Bommer 

tertD,  which  |>ertaiu  (I)  to  agricalture,  (2)  fandsmeotal  scieuces,  (3) 

lechnic  of  caltivatioo.    The  award  is  160  mark  ($37.50)  in  each  case. 

Essaja  of  merit,  though  uot  <iuite  np  to  the  standard  of  perfection, 

I   i«ceite  honorable  mention. 

The  Central  fJbrarg. — Ita  object  and  puriwse  is  to  oBcr  to  professors 
ud  students  of  the  agricultnral  high  school  all  necessary  scientific 
meADs,  aod  in  its  oipacity  iui  the  most  complete  specific  library,  to  aid 
all  intereats.  For  this  purpose  much  attention  is  given  to  its  comple- 
tion iu  all  branches  of  agriculture,  forestry,  etc. 

TkePhyncal  Cabinetand  the  Meteorological  Observatory. — Thecollection 
coDtaios  the  apparataa  Tequiretl  for  instruction  in  physics.  They  are 
employed  by  the  students  in  the  course  of  lectores  and  in  inTestigatious. 
A  series  of  meteorological  apparatus  has  t>een  provided,  which  serves 
the  porpose  of  instraction.  Three  daily  readings  aro  made  of  the  in- 
gtruments  prescribed  for  stationsoftheeecond  class;  tberesiilts  are  pub- 
lished by  the  Prussian  Meteorological  iDstitute.  Anumberof aatomatic 
apparatus  register  tbe  progress  of  pressure,  temperature,  precipitation, 
force,  and  velocity  of  wind,  and  these  aatomatic  records  serve  in  tbe 
preparation  of  essays  on  climatology,  etc.  The  entire  arrangement  is 
that  of  a  station  of  tbe  second  onler.  A  regular  exchange  of  barograms 
has  been  arranged  with  Hamburg,  Magdebnrg,  Wieii,  and  Copenhagen 

Tke  Ghemicai  Institute, — The  principal  object  of  tbe  institute  is  tbe  in> 
etmction  of  the  stndents  in  general  chemistry,  qualitative  and  quantita- 
tive analysis.  Itislocated  in  a  bnildiug  adjoining  the  Agricultural  Bigh 
School,  and  also  accommodates  the  laboratory  of  the  Society  for  tbe 
Production  of  Beet  Sugar  in  the  German  Empire.  The  ground  floor 
contains  a  large  work  room  arranged  for  fltty  students,  and  is  provided 
with  skylight ;  farthermore  an  auditory,  having  a  capacity  of  one  bun- 
dled and  forty.  The  upper  floor  accommodates  the  private  laboratory 
of  the  director  and  a  few  rooms  intended  for  special  investigations. 

The  chemical  instruction  comprisea :  (1)  In  winter,  lectures  on  inor- 
ganic, and  (2)  in  summer,  on  organic  chemistry;  (.1)  practical  exercises 
in  qaalitative  and  qoautitative  analyses,  aud  other  chemical  experi- 
menlB,  for  which  porpose  tbe  laboratory  is  open  daily  froui  0  a.  H.  to  S 

P.M. 

The  Mineralogic-Pedologieal  Institute. — In  view  of  the  existing  Gonnec* 
tiou  between  mineralogy,  geology,  and  agriculture  a  chair  of  mineralogy 
and  pedology  [KiSny,  earth,  soil,  and  Xor'":)  was  provided  at  the  re- 
organization, in  1381,  of  the  agricultural  high  school.  The  occupant 
has  also  the  charge  over  the  recently  created  mineralogicgeologic- 
pedological  museum. 

Its  collections  resolve  themselves  into  the  two  classes  for  (a)  educa- 
tion and  (fr) exhibition.  nigiti7idM,GoO<jlc 
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{a)  The  educational  collections  contain  mineralt),  rocks,  and  soils  of 
iiniHirUiiue  iti  agricultnre ;  the  collection  has  been  made  instructive  by 
the  selection  of  specimens  showing  the  changes  prodnced  by  exposnre. 

(6)  The  exhibition  collections  are  placed  in  horizontal  and  per|>eadic- 
ular  glass  cases,  and  represent  a  well  organized  and  described  material 
for  the  instruction  in  and  contemplation  of  the  composition  and  variety 
of  the  native  soil. 

Tlio  mineralogical  collection  is  arranged  according  to  the  Zirkel  sys- 
tem, and  shows  the  more  important  minerals  in  their  characteristic  forms. 

The  petrographic  collection  is  arranged  according  to  Creduer^s  sys- 
tem, and  eshibits  characteristic  forms  of  rocks.  The  exhibition  hall 
also  contains  several  geological  charts,  of  which  may  be  specially  men- 
tioned that  of  the  Uarz  Mountains  and  the  Thnringian  forest,  which  is 
composed  of  eighty-one  sheets. 

The  geological  and  pedological  collection  is  exhibited  io  the  adjoining 
hall.  Commencing  with  the  most  recent  formations,  it  passes  throogh 
the  various  layers  of  hnmns,  clay,  lime,  gravel,  sand,  and  feniferons 
soils,  inclnding  theorgauicinclosnres  of  alluviam,  diluvium,  and  tertiary 
periods  which  connect  with  the  mesosoic,  paleozoic,  and  archaic  periods. 

Chemical  analyses,  microscopic  preparations,  solntions,  reliefs,  pro- 
files, and  tableaus  complete  the  objects.  lUnstrations  of  sceneries  be- 
longing to  the  various  geological  periods  and  illustrating  their  peca- 
liarities  are  suspended  above  the  exhibition  cases. 

The  pedological  division  has  found  accommodations  along  the  light 
conrt  of  the  musenm.  It  contains  apparatus  tbT  examination  of  the 
soil,  the  mineral  fertilizers,  fuel,  representations  of  Thoriogian  brovii 
coal  industry,  manipulations  of  asphaltum,  flint,  and  |>eat,  and  indos- 
tries, 

TJie  AgronomicPedological  Tnatitute. — The  Institute  embraces  two 
divisions,  the  agronomic- pedological  and  agrionltnral-chemieal  labor- 
atory, and  the  division  for  soil,  fertilizer,  and  irrigation  and  drajnagu. 

The  agronomic-pedological  laboratory'  purports  to  promote  the  scien- 
tillc  esplorntions^f  the  soil  in  its  relation  to  the  structure  of  plants  and 
to  its  cultivation,  and  to  offer  facilities  for  the  study  and  execotion  of 
agronomic- pedological  and  agricultural-chemical  experiment 

The  agronomicpedologicat  laboratory  consists  of  a  large  room  ftor  the 
accommodation  of  the  assistant  and  twenty  students,  and  contfuns  aJI 
apparatus  for  agricultural  chemical  and  physical  examtDKtion  and 
analysis. 

The  Institute  of  Vegetable  Physiology. — The  Institute  vas  established 
in  I8S1,  and  comprises  a  laboratory  for  physiological  work,  with  dark 
room,  microscopic  room,  chemical  division,  green-house,  and  experi- 
mental garden.  It  posRCfiHes  all  the  uecet^sary  apparatus,  instrumenta 
and  collections,  and  a  library.  The  Institute  prepares  the  pbysio- 
logical  experiments  rcqiiiretl  in  the  lectures,  and  offers  opportunity  to 
the  student  to  practice  vegetable  physiology  and  pathology.    To  the 
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director,  his  assistants,  aiid  the  prautiliouem  it  uflimlf)  iiieaus  fur  spe- 
cial iorestiga  tioD  in  vegetable  physiology  aiid  the  lUseases  of  cultt- 
Tated  plants. 

TkeVegetable  JHvisiono/the  Museum.— Vt\teather&]ae»tv/a>snKuieon 
tbeagricnltarists  to  furnish  exhibits  for  the  Paris  KxiMsitiou  of  18tf7 
the;  readily  responded,  but  expressed  tliemselves  desirous  of  transfer- 
ring their  exhibits,  after  the  close  of  the  exposition,  to  the  Government, 
to  serve  lathe  foundation  of  an  agrieaUural  museum.  This  proiiosi- 
tioa  vas  accepted,  and  many  objects  were  added  to  those  exhibitB,  by 
Jonation  or  by  purchase.  The  products  of  agriculture,  of  course,  re- 
c«ved  the  first  consideration,  and  thus  the  wealth  of  the  divisiou  may 
beexplaioed.  Correspondiug  to  the  eulurgemeut  of  the  agricultural 
administration  to  a  department  of  agriculture,  lauds,  and  forests,  tbe 
aamcK  of  forestry  has  received  consideration,  and  the  collection  of 
■Dods  has  become  a  very  complete,  one,  owing  to  donations  of  foreign 
covemments,  capecially  of  those  of  India,  Japan,  and  of  the  French 
ooloDies. 

Tht  Zovkygioal  Institute. — The  collections  of  the  Institute  are  reia- 
tirel;  complete,  especially  withreganl  to  tbe  osteology  of  mammals;  it 
cootHos  the  collection  of  skulls  and  skeletons  of  Ilerm  von  N^athu- 
6iits  and  those  of  the  abandoned  agricultural  academies  of  Kldena  and 
Pmkaa.  In  addition  to  tbe  slinlls  of  other  mammals  it  contains  largo 
nHtections  of  tbe  skulls  of  horses,  bogs,  cattle,  sheeii,  an<I  dogs  of  the 
vuious  breeds,  domestic  and  foreign,  wliicb  in  completeness  can  not  bo 
excelled  by  any  other  museum.  The  remaining  divisions  of  tbe  zoolog- 
ical coUeetiODs  are  generally  restricted  to  the  Euro)>ean  animals  of 
interest  or  importance  totbeagricalturist,  without,  however,  excluding 
XKh foreign  ammals  as  may  be  required  in  the  systematic  study  of  the 
animil  kingdom.  The  Institote  proposes  to  invewtigate  all  zoological 
queatloug  relating  to  agriculture,  and  to  carefully  trace  the  ilerivation 
aul evolotion  of  all  do  mestieated  animals,  for  which  purpose  a  special 
inierest  is  given  to  the  fossil  and  subfossil  remains  of  the  domestic 
uimiiU  and  to  their  relatives.  - 

%  ItutituU  of  Animal  Physiology. — Since  the  enlargement  of  the 
lutyear,  the  institute  has  tbe  use  of  two  targeand  four  small  laborato- 
neg, which  are  provided  with  all  improvemeuts  required  for  the  analyt- 
ic*! BDd  ^-ivisectory  labors  of  the  institute.  It  also  controls  a  starble 
^tb  divisions  for  the  various  animals  and  some  basement  rooms  which, 
DD  account  of  their  good  light,  are  well  adapted  for  tbe  keeping  of  ani- 
uaU  under  observation.  A  small  respiratory  apparatus  has  found  room 
iu  the  basement. 

Tbe  institute  poasesaes  the  required  apparatus  for  microscopical 
*ort  and  for  the  study  of  material  changes  of  tbe  mechanism  of  the 
tervooH  system,  of  respiration  and  cinudation.  Additions  lo  tlie  apjia- 
'^tos  ue  made  whenever  needed,  as  far  as  the  means  at  <li3posal  pe)H  \^^ 
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The  institute  serves  for  iiistmctioii  iu  ho  far  ae  it  aitU  the  lectares  on 
aDimal  physiology,  saiiitation,  etc.,  by  actaal  denioustration  and  ex|ieri> 
ments. 

The  Zoo-technical  Ingtitutc. — Tlie  menus  by  which  the  ZaO'lecbnical 
Institute  expects  to  succeeil,  exceptiug  the  necessary  apparatus,  etc, 
are  fouud  in  the  representations,  models,  aod,  as  regards  sheep- 
raising,  of  samples  of  wool.  Tbe  n'ealth  of  tbe  collection  and  the  cor- 
rectness of  the  representations  render  this  iKtrtion  of  the  mnseum  a 
permanent  animal  exhibition,  with  however  the  additional  advantage 
that  the  model  does  not  represent  oue  single  act,  but  that  each  typical 
appearance  of  the  agricultural  domestic  animal  has  been  shown  tbereio. 
It  is  a  further  object  of  the  Zoo  technical  Museum  to  keep  before  the 
public  all  possible  phases  of  auimid  industry  of  the  nation. 

The  Institute  is  in  charfte  of  Privy  Councellor,  Prof.  Dr.  H.  Settegast. 

The  Institute  of  Oeodclic  Instruetion. — The  geodetic  collection, 
founded  iu  1883,  contains  ten  tbeodolites  (three  with  micro8coi>e8),  two 
compass  apparatus,  eleven  levelling  instruments,  of  which  two  are  for 
exact  nork  having  all  auxiliary  apparatus,  one  sextant,  one  prism  circle, 
one  engineer's  table,  one  Fortin  barometer,  four  aneroids,  three  Amtec 
planimeters,  two  precision  planimeters,  two  pantographs,  apparatus 
for  the  examination  of  the  above  instrument?,  domonstratiou  apparatus, 
and  surveying  apparatus.  Available  for  iiistrnctioti  are  further  a  geo- 
detic library,  a  collection  of  plans,  and  a  series  of  forty-two  wall-dia- 
grams representing  geodetic  instruments. 

The  surveying  exercises  arc — dunng  the  summer — executed  in  the 
open  air ;  in  winter,  indoors  iu  a  large  ball  which  has  been  coustracted 
for  the  purpose.  Two  large  rooms  are  used  iu  geodetic  computations 
aud  drawing ;  adjoining  these  is  the  room  of  the  assistant,  which  con- 
tains the  collection  of  plans,  and  that  of  the  itrofesnor,  which  contains 
the  library. 

Division  ofMackinerp  and  Models. — The  collection,located  in  a  hall  of 
the  ground  floor,  consists  of  measuring  apparatus,  actual  machines,  or 
models.  Among  the  latter  may  be  mentioned  the  Rausch  models  ex- 
hibited ill  tbe  southern  vestibule  aud  show  the  historical  developaimt 
of  band  implements  aud  of  the  plow.  The  requirements  of  inatniction 
and  of  practical  nae  determine  the  enlargement  of  the  collections ;  tJie 
additions,  therefore,  confine  themselves  principally  to  elements  of  con- 
struction aud  to  api)aratus  for  the  testing  of  useful  machinery. 

A  collection  of  serviceable  luncbinery  in  complete  working  order  is 
employed  for  instruction.  For  that  purpose  an  engine  of  35  horse- 
power has  been  mounted  in  (be  hall.  A  water  reservoir  located  in  tbe 
hall  contains  a  pulsometer,  a  centrifugal  pump,  an  open  archimedian 
screw,  an  overabot  and  an  undershot  wheel.  Exhibitors  have  free  use 
of  space  for  terms  of  six  months }  the  articles  exhibited  are  published 
annually  iu  tbe  Deutsche  laiKlwirthschartticho  Prease.,   The  space  will 

;, Cookie 
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admit  or  the  exbibition  of  about  two  hundred  objects,  includiug  three 
to  four  locomotives  and  as  many  combioed  thresbers. 

The  IHrision  of  Fermentation  and  Starch-making,— 'this  diTision  ropre- 
eeot«  the  above  iudustries  aud  belongs  to  tbe  State  ouly  iu  so  far  as  it 
occupies  au  official  building  and  its  director  is  one  of  tbe  teachers  of 
the  agricnltaral  bigb-scbool.  Tbo  managemeDt  is  in  tbe  bands  of  tbefol- 
loving  technical  associations :  The  Society  of  Distillers  in  Qermany, 
the  Society  aud  Experimental  lustitote  for  Brewing,  and  the  Society  of 
Starch  Manufacturers  in  Germany.  These  associations,  with  a  mem- 
berehip  of  about  tliree  thousaud,  pay  100,000  mark  ($35,000)  annually 
towards  the  support  of  the  division. 

The  Division  of  Sugar  Industry , — Tliisdivision,  supported  by  theSociety 
for  BeetrSngar  Industry  in  the  German  Empire,  receives  its  rooms  from 
the  state  free  of  expense.  Jtsobjectsare:  (1)  theeducation  of  chemists 
for  the  sngar  indnstry ;  (2)  any  examination  required  by  a  member  of 
tbe  society  and  the  testing  of  instruments  of  precision ;  (3)  tlie  opening 
Dp  of  new  fields  regarding  the  composition  of  raw  substances,  aasiliary 
sabstances,  and  products  of  manufacture,  as  welt  as  the  development 
of  technic  and  supervision  of  management.  These  objects  are  attained 
by  tbe  labors  of  tbe  very  completely  organized  laboratory,  by  lectures, 
iuid  by  attendance  to  the  i>eriodical  meetings  of  tbe  industrials, 

TkeBoyal  School  for  Gardening,  and  the  National  Nursery. — Although 
occupying  separate  localities,  but  closely  related,  both  establislimeuttt 
o«e  their  existence  to  the  exertions,  in  1823,  of  the  general  director  of 
the  gardens,  Dr.  Lenn^,  who  secured  the  means  necessary  for  their  es- 
tablishment from  the  muniticeucy  of  King  Frederick  William  III,  from 
Ibe  ioterefited  departments  of  the  government,  from  the  society  for  the 
promotion  of  horticultare  in  the  Prussian  states  aud  from  the  stock- 
holders of  the  natiotaal  nursery.  The  royal  decree  of  Angnst  20, 1823, 
granted  them  the  privileges  of  a  corporation. 

The  Gardening  school,  whose  principal  object  was  the  education  of  the 
various  grades  of  gardeners,  had  its  practical  ilivisiou  at  Schoneberg,  a 
suburb  of  Berlin,  while  the  division  ior  scientific  and  artistic  instruc 
tioD  was  located  upon  tbe  "  Ffaaeuiusel,"  near  Potsdam.  Owing  to  iusuf- 
ficieiit  results  causedby  tbe  separation  the  divisions  at  Schoneberg  were 
abandoned  and  combined  with  the  establishment  at  Potsdam. 

The  principal  boildiug  of  tbe  establisbment,  in  addition  to  the  ai>art- 
nKDt  set  aside  for  the  inspector,  contains  halls  for  instruction  and  for 
thu  eoUections,  as  also  accommodation  for  twenty-seven  apprentices 
■faich  number,  however,  is  generally  exceeded.  This  arrangement,  to- 
Eetlier  with  tbe  iiennission  of  tbe  Emperor  of  tbe  freedom  of  the  im- 
perial gardens  for  purposes  of  instruction,  and  theconnection  with  tbe 
national  nursery,  affords  great  facilities. 

Tbe  National  Nnrsery  is  located  apon  a  territory  of  200  acres  in  ex- 
lent    In  additiou  to  the  training  of  young  gardeners  ithaseDgaeedjn, 
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tbe  esamiDation  of  important  pomolpgicalqucHtious  audNabJectsaadis 
testiug  and  supplyiug  to  fruit-growent  reliable  standard  trees. 

Both  establish  meats  liave  been  placed  uuder  Che  care  of  tbe  l>epart- 
ineut  of  Agriculture  aud  are  mauaged  by  a  board  of  trustees  composed 
of  a  tepreseiitative  of  tlie  Department  of  Agriculture,  lauds  and  for- 
QAts,  who  m  tbe  presideut,  a  representative  of  tbe  royal  gardeu  iu- 
teiidaucy  and  a  member  of  the  society  for  the  promotiou  of  horticaltare 
in  tbe  Koyal  Prussian  state.  Tbe  immediate  adtuinistratiou  is  iii  the 
hands  of  Boyal  Garden  Inspector  Juhleke,  assiuted  by  two  in8X>ectors 
aud  one  secretary. 

v.— THE  GEOLOGICAL  INSTITUTE  AND  THK  MINING  ACADEMY. 

The  Mining  Academy. — Tbis  was  called  into  existence  by  royal  decree 
of  September  1,  I860,.  In  its  organization  tbe  same  [Ktints  were  con- 
sidered which  for  some  time  prior  had  been  adopted  iu  tbe  traiuins:  of 
candidates  for  technical  positions. 

The  mining  officials  requiring  an  education  which  iuvolves  a  kaowl- 
edge  uf  law,  national  economy,  aud  the  natural  sciences,  in  addition  to 
their  technical  attaimucntH  were,  until  tben,  required  to  finish  tbeir 
studies  at  some  national  university.  In  tbe  organizatiou  of  the  Berlin 
Academy  all  branches  bad  been  provided  for  thus  enabling  the  student 
to  complete  his  studies  without  being  obliged  to  visit  a  nniversity. 
The  programme  of  iustructiou  therefore  provided  for  tbe  following 
branches : 

(1)  SeioQce  of  mining.  (2)  Mining,  surveying  aud  mathematical 
geography.  (3)  I'ractice  of  mine  surveying  and  in  drafting.  (4)  Sci- 
ence of  salt  mining.  (5)  Science  of  manufacture.  (6)  General  metal- 
lurgy. (7)  General  assaying.  (8)  Blowpipe.  (8)  Iron  mining.  (9} 
Projecting  of  ironworks.  (11)  Assaying  of  iron.  (12)  Metallurgical 
technology.  (13)  Chemical  technology.  (14)  Science  of  machioery. 
(15)  Machines  for  mining  and  smelting  works.*  (Lfi)  Construction.  (17) 
Architectural  construction.  (18)  Drawing.  (19)  Plane  and  spfaerical 
trigonometry,  stereometry,  and  analytical  geometry.  (20)  Descriptive 
geometry.  (21)  Diifereutial  and  integral  calculus.  (2'2)  Mechanics. 
(23)  Mineralogy.  (24)  Miueralogical  practice.  (25)  Petrography. 
(26)  Petrographic  practice.  (27)  Paleontology.  (28)  Paleontologic»l 
determinations.  (29)  Fossil  iilants.  (30)  Geognosy.  (31)  Geology  of 
quaternary  formations.  (32)  General  geology,  (33)  Analytical  chem- 
istry.   (34)  Chemical  laboratory.     (35)  Mining  laws. 

The  Geological  Institute. — The  first  beginning  of  the  present  institate 
may  be  traced  back  to  the  jear  I8C2.  The  office  of  tbe  royal  director 
of  mines  bad  commenced  tbe  construction  of  geological  maps  of  the 
Rhine  province  and  of  Westphalia  at  a  scale  of  1:80000,  of  Nether  aod 
Upper  Silesia  at  a  scale  of  1:100000,  and  for  the  province  of  Saxony  it 
had  undertaken  a  continuation  of  von  Strombeck's  map  of  the  district 
of  Magdeburg.  L.l)0^rc 
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When,  in  the  executioD  of  that  work,  tfae  maps  or  tbe  geoeral  staff, 
which  were  prepared  to  a  seale  of  ] :  25000,  were  compared,  it  wag  bIiowd 
in  a  promiaeDt  manner  that  geological  maps  cooatracted  aocordiug  to 
that  scale  wonld  he  of  tafioitely  greater  value  both  for  Bctentifio  atid 
practical  parposes  than  maps  constructed  at  a  scale  of  ] :  100000.  It 
was,  tberefore,  deci(le<l  to  accept  tbe  scale  of  1 :  25000  as  a  hasis  for  all 
the  maps  of  the  entire  State. 

Tbe  execatioD  of  the  survey  and  tbe  construction  of  the  maps  on  thQ 
prescribed  scale  was  commenced  in  various  portions  of  the  State.  First 
of  all,  attention  was  given  to  the  provinces  of  Hesse  and  Hanover, 
vbicb,  in  18GC,  had  beeu  added  to  the  Kingdom,  becanse  they  would 
form  a  contionation  of  tbe  survey  already  begun  of  the  Harx  Hoont- 
uhh  and  tbe  Tburingian  Forest.  It  then  was  extended  to  the  former 
Dnchy  of  Hassan,  tbe  southern  portion  of  the  Rhine  province  and  to 
the  plains  of  North  Germany  and  to  the  provinces  of  Silesia. 

The  Kingdom  of  Snxony,  Alsace-Iiorraine,  and  tbe  Grand  Duchy  of 
Beese  have  since  adopted  tbe  Prassixn  plan  and  have  consented  to  the 
eonKtruction  of  a  geological  map  on  a  scale  of  1 :  35000. 

Asrcgartls  tbe  organizationof  the  geological  survey,  it  maybe  stated 
that  since  1862  geological  surveys  were  made  by  teachers  of  mineralogy 
at  the  mining  academy  at  Berlin.  Tbe  bnilding  of  this  academy  con- 
tained tbe  geological  and  mineralogical  collections  intended  both  for 
iDStmction  and  for  explorations,  and  tbe  results  of  the  surveys  were 
worked  out  in  that  bnilding. 

On  January  1,  1873,  the  Boyal  Geological  Institute  was  established, 
and  on  April  8,  1875,  received  the  final  statutes,  as  follows : 

Skc.  1.  It  is  the  object  of  tfae  Geological  Institute  to  execute  the 
geological  examinations  of  the  Kiogtiom  of  Prussia  and  to  digest  tbe  re- 
sDlts  in  a  manner  to  make  them  available  and  useful  to  science,  as  welt 
as  to  the  economic  interest  of  the  country. 

Sec.  2.  Id  accordance  with  the  above  tbe  Geological  Institute 
will  execute  tbe  following  work  :  (1)  Tbe  construction  and  publication 
of  a  geological  map  of  the  entire  state,  on  the  basis  of  tbe  original 
nin-eys  of  the  General  StaB',  on  a  scale  of  1 :  S.'tOOO.  This  chart  is  to 
contain  a  representation  of  tbe  geological  formations,  condition  of  the 
mil,  and  the  occurrence  of  usefnl  stone  and  minerals,  and  is  to  be  ac- 
companied by  descriptive  text.  (2)  Tbe  construction  of  a  geological 
chart  on  a  basis  of  1 :  100000.  (3)  The  publication  of  monographs  on 
geological  or  mineralogical  objects  of  special  interest.  {4)  The  publi- 
cation of  essays  on  geological,  paleontological,  or  moutanisttc  con- 
tents, supplementing  the  geological  chart,  (o)  The  collection  and 
preservation  of  all  documents  obtained  in  the  construction  of  the  publi- 
cations. All  these,  together  with  profiles  and  other  represeotatioua 
and  illnstrations,  will  be  conibiuQl  in  tbe  Geological  Museum,  to  which 
are  to  be  connected  tbe  tecbnologiciil  collections  of  tbe  ^'Museum  of 
Miningand  Metallurgy."  These  combined  collections  will  afford  a  xwg 
H.  Mis.  324 9  D„:,N....,C00glc 
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Eacli  division  is  complute  iu  itaeir.  It  is  tbe  duty  of  tbe  committees 
of  tetkcbers  to  oversee  the  sciontiflc  iiistruution  of  tbu  studeiits  within 
tbeirown  section.  Its  (ircfiideitt,  elt!ctc<l  from  among  their  own  num- 
ber, GommiiDicjites  with  tbe  rector  ami  tbe  senate. 

The  senate  consists  of  tbe  rector,  as  presiditig  officer,  the  retired  rec- 
tor (prorector),  tbe  chiefs  of  the  divisions,  tlie  chief  of  tbe  section  of 
Dsval  architectare,  and  a  number  of  teacbers  appointed  by  tbe  various 
cotnmittees  for  tbe  term  of  two  ;ears. 

The  position  of  private  lecturer  may  be  obtained  by  adhesion  to  one 
or  the  existing  divisions.  Tbe  applicant  is  required  to  furnish  tbe  fol- 
lowing documentary  evidence :  (1)  a  carriculum  vjtae ;  (2)  gradaation 
from  a  high  school  (gymnasium  or  realschule);  (3)  testimonial  of  a 
tbi;^-years  academic  stody  and  proof  of  the  successful  performance  of 
the  first  technical  examination  reqnired  by  the  state  or  of  the  diploma 
euminatiOD  at  some  German  technical  high  school,  or  of  the  doctor  de- 
gree of  some  German  nuiversity ;  (4)  proof  of  a  continued  tbree-years 
esarseof  scientific  or  artistic  study  following  the  university  term ;  (5) 
a  manuscript  or  printed  essay  on  the  specialty  of  the  applicant  (archi- 
tects may  replace  the  t'ssay  by  plans  or  by  bringing  satisfactory  proof 
of  having  had  charge  of  some  important  construction) ;  (6)  an  official 
lestimonial  of  character,  and  in  case  the  applicant  is  a  German,  proof 
of  his  having  jterformed  his  military  duties.  All  the  above  conditions 
having  been  complied  with  to  the  satisfaction  of  the  division,  the  appli- 
cant is  Fequired  to  bold  one  lecture  and  to  subject  himself  to  an  exami- 
Dation. 

The  corps  of  teachers  at  present  consists  of  fifty-seven  professors 
and  twenty 'four  private  teachers. 

Tkt Mineralogical  Itutilute. — luaddition  tothelectare-roomsthelnsti- 
tDte  comprises:  (1)  The  laboratory  for  crystallogrophic-physical,  and 
chemico-mineralogical  experiments ;  (2)  a  mineralogical  collection ;  (3) 
A  geological  collection;  (4)  the  mineralogical  museum. 

Tfao  lectures  combine  a  course  for  the  practical  determination  of  miu- 
ffala  hymicrochemical  tests  and  by  biow-pipe,  determinations  of  rocks, 
aoil  instructions  for  geological  surveying. 

The  public  museum,  comprising  two  balls,  contains:  (1)  The  system- 
ic mineralogical  collection  (Tamnau);  (2)  a  mineralogic- technical 
collection ;  and  (3)  the  geological  collection. 

The  geological  room  conhtins  a  collection  from  tbe  Gotthard  Tun- 
Del,  together  with  geological  jirofile  of  the  Gotthard  in  the  plane  of  the 
aiisofthetnnnel;  projection,  1:2000;  a  geological  collection  arranged 
according  to  formations. 

The  Laboratory/or  Inorganic  Ckemistry.—The  laboratory  bas  room  for 
Biity-six  operators;  they  occupy  two  larger  and  two  smaller  halls. 
Separate  rooms  are  provided  for  special  work. 

An  auditory  of  one  hundred  and  seventy  seats  is  situated  within  the 
middle  section ;  it  coDsects  with  rooms  for  preparation  and  collection's. 
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machinery,  eh^,  while  the  aecond  division  has  to  teat  on  the  principle 
of  Wiihler-Spaugenberg  dnration  experimeuts,  and  the  third  is  confiucd 
to  the  otBctul  testiDg  of  paper.  A  mecbanical  workshop  lias  been 
placed  under  the  cbarf^  of  tbe  second  saperintendent. 

The  Institute  owntt  two  excellent  machines  for  the  testing  of  fluishetl 
articles,  having  »  power  of  100,000  and  50,000  kilograms  (systein  Wer- 
<lerand  Marten's),  six  smaller  machines  for  the  same  purpose,  eleven 
machines  for  duration  tests,  photograpbic,  microscopic,  etc,  apparatus. 

The  Roffol  Testing  Station  of  Building  Materials. — This  was  founded  on 
Harch  1,1871, in  connection  with  the  Technical  High  School;  it  decides 
as  to  tbe  quality  of  cements  and  other  boilding  muteriat  fumisbed  to 
the  Government.  The  station  owns  apparatus  for  the  testing  of  dura- 
bihty  and  other  physical  properties  of  burnt  and  unburut  artificial 
Mone,  natural  stoiie,  cement,  plaster,  lime,  clay  pipes,  and  all  other 
building  material. 

The  bydraubc  press  of  tbe  station,  of  140,000  kilograms  {308,646 
pounds)  pressure,  permits  the  test  of  bodies  (including  pillars  of  brick 
or  natural  stone)  of  1  meter  height  and  of  fifl  by  55""  diameter.  Tests 
can  be  made  lioth  as  to  the  stone  and  to  the  binding  material. 

A  20'fold  lever  is  employed  in  testing  the  resistance  of  cylindrical 
bodies,  and  a  30  fold  lever  is  used  in  the  testing  of  elasticity  of  roofing 
palter  and  of  the  adhesiveness  of  mortar. 

Tests  of  clay  pipes  are  made  by  horizontal  pressure  of  from  20  to  30 
atmospheres  to  1  to  3  meters  internal  diameter. 

The  tests  of  cement  are  made  iu  accordance  with  tbe  rulings  of  No- 
remher  12,  1878,  of  tbe  Ministry  of  commerce,  industry,  and  public 
works. 

With  reganl  to  adhesiveness  of  cement  and  cement  mortar,  a  SO-fold 
normal  lever  apparatus  is  used  with  sample  piece  of  59  centimeters  at 
tbe  point  of  rnptore;  in  pressure  tests  and  break  tests  the  hydraulic 
press,  a  500-fold  lever  and  a  20-foUl  lever  are  employed. 

With  regard  to  fineness  of  grain,  sieves  of  from  600,  900,  and  5,000 
meshea  to  the  square  centimeter  are  employed.  In  ail  cement  tests  the 
otBcially  introduced  normal  sand  alone  finds  employment. 

A  horizontal  disk  of  emery,  operated  by  a  gas-motor,  which  also  oper- 
ates a  diamond  plane  machine  used  in  finishing  the  bodies  for  pressure 
lests,  is  employetl  in  the  experiments  as  to  the  wear  of  the  building  ma- 
terials. 


[Omitted  her«.1 

Vin.-OTHEK  SCIENTIFIC  AND  MEDICAL  INSTITUTES. 

The  Aafrophysicat  Observatory. — Until  the  first  quarter  of  the  present 
ceuturyastronomy  employed  itself  almost excbisively  with  tbe  discovery 
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of  mechanics  of  tbe  heavens ;  and  the  physical  conditions  of  the  Bture 
received  but  occaaional,  niid  more  accidental  than  systematic,  attention 
from  a  few  aetronomers.  Aetro-physics  had  not  fully  developed  itself  as 
a  branch  of  astronomy.  When,  then,  later,  more  Attention  was  ^ven  to 
certain  chaagea  ou  thesurface  of  the  sua  and  to  other  phenomena,  the 
observations  were  restricted  to  the  use  of  such  apparatns  as  was  then 
found  iu  a  well-equipped  observatory,  and  not  much  difliculty  was  expe- 
rienced in  combining  new  requirements  with  the  existing  apparatns.  It 
'  was  not  nntil  the  more  extending  field  of  study  brought  physical  and 
chemical  examinations  in  contact  with  tbe  astronomiial,  and  more  es- 
|>ecially  since  tlieappticntion  ot|tbe  spectral  analysts  upon  tbe  astro-phys- 
ical investigations  proved  the  most  powerful  means  for  the  discovery  of 
the  substances  of  which  the  hearenty  bodies  are  composed,  and  since 
photography  had  begun  to  be  employed  in  fixing  certain  events  observed 
in  the  skies,  it  was  not  until  then  that  the  needs  of  separate  establish- 
ments was  fully  recognized,  equipped  with  suitable  instruments  not  re- 
quired by  observatories  of  tite  older  kind.  Such  an  establishment  is 
now  found  iu  the  Astro- physical  Observatory  at  Potedam. 

As  early  as  1860  it  was  suggested  to  establish,  in  the  vicinity  ofBerlin, 
an  Observatory  for  the  physical  esamination  of  the  sun.  The  conditions 
however  were  then  uot  favorable,  and  it  was  not  until  1871  that  the 
first  steps  were  taken  towanis  the  realization  of  the  project.  Tbe  Crown 
Prince,  whose  attention  had  been  called  to  the  effort  by  Prof.  D.  Schell- 
bach,  managed  tu  have  propositions  invited  with  regard  to  the  subject 
from  tbe  director  of  the  Berlin  Observatory  to  which  it  was  planned  to 
connect  the  proposed  solar  observatory.  To  this  tbe  director  responded 
ou  September  30, 1871,  by  submittiug  a  memorial.  It  was  proposed  to 
establish  au  observatory  iu  the  vicinity  of  Berlin  well-equippe<l  for  the 
direct,  spectroscopic,  and  photographic  investigation  of  the  surface  of 
the  sun,  this  observatory  at  tbe  same  time  to  be  the  central  station  for 
magnetic  and  meteorological  observations. 

The  Academy  of  Sciences,  at  the  requestor  tbe  Government,  on  April 
29,  ]872,  while  recognizing  the  interest  of  the  subject,  objected  to  the 
execntiou  of  the  proposition  from  the  stand  point  that  the  scientific  re- 
quirements woukl  demand  tbe  establishment  of  two  iustttutes,  of  which 
oue  should  be  devoted  to  astro-physics  and  the  other  to  tellurian  phys- 
ics ;  it  opposed  an  organic  combination  of  tbe  two  on  tbe  ground  that 
its  scope  would  be  too  largft  for  a  successful  administration.  In  this 
case  however  the  observations  of  the  sun  would  have  to  form  bnt  a 
part  of  the  labors  of  the  astro-physical  institute. 

The  Minister  of  Education  then  called  together  a  special  commission 
under  tbe  presidency  of  Privy  Counsellor  B.  du  Bois-Reymond,  which, 
in  accordance  with  the  acaxlemic  consideration,  recommeuded  at  first 
the  establishment  of  au  astrophysical  observatory,  with  the  proviso, 
however,  that,  in  the  case  of  uncertidnty  of  the  early  erection  of  a  tel- 
lurian observatory,  snch  magnetic  observations  should  be  provided  for 

n,g,t,7i.-JM,COO<^IC 
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vhich  are  or  essential  interest  in  tbe  study  of  the  snu's  tictiTlty.  A 
plan  was  prepared  nitli  reganl  to  the  establislimeut,  ort^aoizatioii,  anil 
equipment  of  the  observatory,  wb  ich  was  accepted  by  tbe  Royal  Gov- 
eminent  and  sanctioned  by  legislative  a(!tion  of  187;i-'74. 

The  cost  of  tbe  bnilding  for  nstrojiliyeical  observations  was  874,0IH) 
mark  ($218,500). 

The  bndget  for  the  Observatory  is  71,000  mark  ((I7,dOO),  of  which 
12,000  (910,600)  are  paid  out  for  salaries  and  compensation. 

Tbe  astro-physical  institute  is  not  an  establishment  for  teaching,  but 
isintended  exclusively  for  the  scientific  iiiveotigationof  this  new  brancli 
afaBtroDomy.  Since  the  short  existence  of  I  he  Observatory  many  scien- 
tists have  taken  part  in  its  works,  moxt  especially  as  they  relate  to 
Bpectr^  aonlysis  and  photography. 

The  Observatory  possesses  the  following  larger  telescopes: 

One  large  refractor  of  29.8  centimeters  (11|  inches)  apertnre  and  5,4 
meters  focns.  Objective  by  Sciirotler,  mountings  by  A.  Repsold,  Ham- 
burg. Placed  in  the  central  cnpola.  itefractor  by  Grnbb  of  Dnblin, 
apertnre  20  centimeters  (7J  inches),  focus  3.2  meters;  in  place  in  tbe 
west  copola.  A  refractor  by  Steinheil,  13.5  centimeters  apertnre  and 
3.2  focus;  placed  in  the  east  cupola.  Photo-heliogrnph  and  mount- 
ings  by  Bepsold,  objective  by  Steinbeil,  aperture  10  centimeters  and 
focus  4  meters ;  placed  in  the  sontbern  addition  to  the  main  bnilding. 
Comet-seeker  by  Reinfelder  and  Hertel. 

The  observatory  poBsesses  a  large  number  of  spectral  apparatus, 
unong  them  one  large  by  Schroder,  for  observations  of  the  sun,  and 
one  spectroscope  by  tbe  same.  John  Browning  funiisfaed  two  speclro- 
scopes  for  observations  of  tbe  stars  and  for  solar  protaberaiices,  re- 
Rpectively.  Other  spectroscopes  emanate  from  the  shops  of  Dilgcr, 
London;  Schmidt  &  Hfensch,  Berlin;  Repsold,  Hamburg;  Topper, 
Potsdam.  In  connection  with  the  prism  apparatus  some  finely  gradu- 
ated grates  of  glass  and  metal  for  tbe  representation  of  grate  spectra 
may  be  mentione<l ;  among  these  are  some  excellent  ones  by  Wanschaff, 
Berlin. 

Id  addition  to  the  larger  apparatus  for  photographic  work  the  equip- 
ment for  laboratory  work  is  excellent.  For  photometric  representa- 
tions of  spectral  analysis  a  large  Ziillner  photometer  by  Wanscbaff  and 
several  smaller  photometers  are  employed. 

Tht  Geodetic  Itutitute. — The  pnrpose  of  the  Institute  is  the  improve- 
ment of  geodesy  by  scientific  investigations.  At  the  time  of  its  estnli- 
lishnent  it  was  also  intrusted  with  the  Prussian  portion  of  the  EurngH-an 
Geodetic  Survey;  in  fact  that  undertaking  was  the  cause  of  the  eslnb- 
liahnientof  the  institute.  Tbe  Enropean  Geodetic  Survey  develo]ied 
itself  out  of  the  Middle  Enropean  Survey.  In  1862,  at  tbe  suggestion 
ofLienteoant-OeneralBaeyer — tbe  collaborator  of  Bessels  in  the  East- 
en  Prussian  Geodetic  Survey  and  chief  of  the  trigonometrieaLdi vision 
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of  tbe  general  staff  of  tbe  Army — a  conveatioa  took  place  of  delegates 
of  most  of  the  Oermaa  States,  Aatitria,  Switzerland,  Italy,  Denmark, 
Swedwi,  Norway,  etc.,  for  the  Qeodetic  Sarrey  of  the  represented 
States. 

Tbe  Institute  is  divided  iuto  four  sections,  each  of  which  has  a  chief, 
one  r^nlar  and  one  temporary  assistant.  The  field  work  of  tbe  sum- 
mer is  compaled  during  the  winter  and  publisbeil. 

Dnriug  Baeyer's  administration,  from  1869  to  his  death,  September 
10, 1885,  the  Institute  measured  the  longitude  of  sixty-tbree  places, 
obtained  longitudinal  differeuoea  of  twenty-one  places,  and  completed 
the  astronomical  work  of  twenty  seven  stations  of  the  trigonometrical 
system.  The  triangles  were  completed  by  elaborate  work  along  the 
Bbine  from  Belgium  to  Switzerland  and  from  the  Middelrhein  through 
Tbnringia  to  Berlin,  etc.,  and  provided  with  two  new  base  lines,  ob- 
tained by  means  of  measuremeuta  with  a  platin-iridium  apparatus  by 
Brnnner  at  Paris.  Pendulum  observations  were  made  at  thirteen 
places,  older  ones  corrected,  new  levels  obtained  from  Swinemilnde  to 
Oonstanz  and  to  the  frontier  of  tbe  Netherlands  and  of  the  mean  water 
height  of  the  Baltic  Sea.  Tbe  greater  portion  of  tbe  work  has  already 
been  published. 

The  Muuum  of  Etknogi-aphy. — Since  (be  middle  of  tbe  present  oentnry 
ethnology  and  anthropology  have  begun  to  take  definite  shape  as  a 
science  with  well-pronounced  objects  and  purposes. 

Ofthe  exotic  material  wbicb  reached  Europe  as  a  result  of  tbe  discov- 
eries of,  and  scientiBc  journeys  in  foreign  continents  the  objects  which 
could  be  incorporated  in  natural  history  collections  fouud  their  proper 
traces  in  tbe  zoological  or  botanical  nuiseoms,  while  tbe  objects  relat- 
ing to  man  did  not  have  any  relation  to  the  special  studies  of  the 
times,  and  they  therefore  became  more  tbe  subject  of  curiosity  and 
wondertfaan  of  earnest  consideration. 

These  objects  generally  received  a  place  in  tbe  section  of  foreign 
cnriosities  inmost  the  cabinets  enjoying  a  princely  protection,  and 
these  sections  followed  the  movement  of  their  respective  museums. 

Thus  in  Berlin,  where  from  tbe  days  of  the  colonial  policy  of  the 
Great  Elector  an  interest  had  continued  iu  that  direction,  aud  when 
the"Silver  Chamber"  of  tbe  Royal  Castle  contained  many  ethnological 
articles,  which,  in  the  union  of  the  old  aud  the  new  museum  were  trans- 
ferred under  the  designation  of  "  Eth  uograpbic  division. " 

In  the  new  Museum  one  hall  coutained  tbe  prehistoric  collections  of 
Prussia,  while  three  other  halls  coutaiuml  everything  of  an  ethnolog- 
ical character  which  bad  fouud  its  way  thither  by  donation  or  purchase. 
Tbe  same  arrangement  existed  iu  Loudon,  Copenhagen,  Lyons,  Muuich| 
Qottiugen,  Wien,  etc. 

In  the  middle  of  tbe  presentcentury  however,  when  authropologiual 
and  ethnological  studies  experienced  that  powerful  Hnpnlsw  iwhich  has 
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prodnoed  their  rapid  developineot  and  when  the  movement  originated 
in  Bngiand  aod  Fnince  was  transferred  to  Germany,  it  soon  became 
apparent  that  the  space  devoted  to  thes^  collectioos  demanded  an  im- 
mediate enlargement. 

Deliberations  to  that  effect  commenced  in  1873  and  continaed  dmiog 
the  years  1873-1876,  and  finally,  in  1880  resulted  in  the  accomplish- 
ment  of  the  desire  for  an  inde[>endent  ethnacriiphicul  museum. 

The  boildiog  was  finisheil  in  the  spring  of  1886,  at  a  cost  of  2,000,000 
mark  ($500,000). 

The  Sttmdard  Meaaurea  Committion. — Article  18  of  the  law  of  Angnat 
17,1868,  relating  to  weights  and  measures  within  thu  North  Uerman 
Vonfederation  provides  for  the  establishment  of  a  standard  meaaares 
oommission,  with  its  seat  at  Berlin  and  duties  specified  as  follows : 

"A  standard  measures  commission  is  to  be  appointed  by  the  Confed- 
eration. The  same  is  to  he  locate^l  at  Berlin.  It  is  the  duty  of  the 
commission  to  see  that  all  the  measures  within  the  Confederation 
are  coodacted  on  a  uniform  system.  It  has  tn  pregmre  the  standard 
and  to  communicate  the  same  to  all  measure  bureaus  tliroughont  the 
Goafederation,  and  for  that  reason  it  is  to  be  equippetl  with  all  neces- 
sary apparatus  and  instmmeuts.  The  standard  uieosureH  commission 
Uaa  to  issue  orders  and  prescriptions  with  regard  to  material,  form, 
dengaation,  and  other  conditions  of  weights  and  measures,  and  to  du- 
tennine  the  limit  of  errors.  It  decides  on  the  kind  of  scales  to  be  used 
in  public  and  for  special  industrial  purposes,  and  determines  their  ac- 
oaracy.  It  is  to  issne  all  necessary  prescriptions  and  formulas  for  the 
maanfactare  of  weights  and  measures  and  to  tost  the  accuracy  of  any 
anicles  which  may  be  offered  for  the  purpose.  The  standard  measures 
oonmissiou  has  to  regulate  the  fees  to  be  exactet)  by  the  measuring 
eaUbliahmdots,  and  in  fact  the  entire  t«chnics  of  weights  and  measures. 

"All  bareauB  of  measures  within  the  North  German  Confederation, 
in  addition  to  the  local  stamp,  faav£  to  use  the  mark  of  the  standard 
measarea  oommission  which  will  be  furnished  fur  the  purpose. 

"  The  standard  weights  and  measures  are  to  be  preserved  after  true 
and  attested  copies  have  been  made  of  them." 

Article  22  of  the  law  providing  for  the  introdnction  of  the  new 
weights  and  measures,  on  and  after  January  1,  1870,  called  for  the 
immediate  formation  of  the  conference  in  order  to  enable  the  bureau 
of  meaaares  to  have  the  necessary  facilities  and  standards  in  time  for  the 
tesUng  and  approving  of  any  new  weights  and  measures  brought 
before  them. 

As  a  resnlt  of  the  conference  metrical  regulations  were  established  on 
July  IG,  1869;  and  on  July  21, 1869,  the  business  instructions  and  the 
composition  and  organization  of  the  standard  measnrcji  commission 
vere  completed. 

Acoordiag  to  the  rules  a4lopted,  the  standard  moisurcs  commission 
was  to  consist  of  the  director,  assisted  by  the  regular  force  requirod 


138      THR  NATIONAL  SCIENTIPrC  INSTITUTIONS  AT  B&BLIN. 

for  the  business  afiairs  of  the  commission,  and  of  attached  members 
to  be  called  in  for  conference;  their  number  is  to  correspontl  to  the 
demand.  They  are  recommended  for  appointment  of  five  years  by  the 
director  and  confirmed  by  the  chancellor  of  the  Empire.  Their  office  is 
an  honorary  one,  bat  members,  nonresidents  of  Berlin,  are  refunded 
expenses  tDcnired  on  occasion  of  official  business  conferences  at  Berlin. 
All  projects  relating  to  the  entire  system  of  measares  are  to  be  consid- 
ered in  full  seeeiori. 

The  baeiness  instructions  provide  that  the  director  be  assisted  by  two 
experienced  technicians,  well  versed  with  gauging;  further,  some  |»er- 
son  or  persons  skilled  in  making  mathematical  compntatioiis  or  physical 
examinations,  a  secretary,  a  messenger,  and  the  required  number  ot 
clerks  and  copyists. 

The  scientific  publications  of  the  commission  relate  to  nieasnremeDts, 
weighings,  barometric,  thermometric,  and  areometric  examiDatious, 
to  which  are  added  experiments  on  alloys,  inflammability  of  |)etro- 
lenm,  etc. 

The  commission  employs  the  following  apparatus:  universal  com- 
parator, by  A.  Bepsold  Sons,  at  Ilambnrg;  longitadinal  comparator,  by 
A.  Itepsold  Sons,  at  Hamburg ;  universal  cathetometer  (vertical,  trsns- 
vt-rsal,  and  longitudinal  comparator),  by  G.  Bamberg,  at  Berlin;  kilo- 
gram scale,  within  hermetical  glass  bell,  by  P.  Stiickrath,  at  Berlin; 
scale  of  100  grams  by  P.  Stiickrath ;  scales  of  500  milligramB,  by  P. 
Stiickrath ;  standard  barometer  and  manometer,  with  vertical  compar- 
ator; thermometere,  and  apparatus  for  the  testingof  air  thermometers, 
by  Fuess, 

In  addition  to  the  above  the  commission  possesses  a  number  of  ap- 
paratus and  instruments,  consisting  of  comparators,  scales,  barometers, 
barographs,  thermometers,  alcoliolomitters,  areometers,  hollow  meas- 
ures, gas-meters,  cubic  apparatus,  petroleum  tester,  crucibles  and  fur- 
nace for  alloy,  measuring-scales  of  platinum,  brass,  crystal,  iron,  and 
aluminium,  . 

The  more  delicate  apparatus  are  mounted  in-  rooms  having  doable 
walls  of  zinc,  the  intervening  space  of  which  is  te8te<l  by  gas  for  the 
preservation  of  a  constant  temperature.  They  are  lighted  by  Siemens's 
regenerative  shallow  burners,  the  radiation  of  which  is  prevented  by 
cloaks  of  water,  while  the  light  is  carried  through  a  hollow  lens  flileil 
with  a  solution  of  alum  and  is  reflected  by  mirrors  u|>on  the  scales  to  be 
read.  The  instruments  have  been  isolated  by  placing  them  upon  pillars 
extending  in  wells  to  a  depth  of  8  meters. 

The  Hydrographic  Office  of  the  Imperial  Admiralty. — On  December  18, 
1863,  Professor  Berghaus  suggested  to  Prince  Adalbert,  of  Prussia,  the 
establishment  of  a  hydrographic  office.  The  plan  was  accepted,  but 
its  execution  delayed  on  accountof  insufficient  funds.  The  desirability 
and  necessity  of  sncli  an  establishment  becoming  more  urgent,  a  Direc- 

n,g,t,7i.-JM,.COO<^IC 


THE  RATIONAL  SCIEHTlPIC  ISSTITUTlONS  AT  BEELIN.      139 

don  of  Navigation  wasestablished  on  Jane  28, 1854,  to  form  a  tecbiiica! 
divUton  of  tlie  oaval  office  at  Danzig.  On  acconrit  of  insufficient  force 
tbe  institatu  had  to  limit  its  operations  to  the  needs  of  the  war  navy. 

Tlie  Direction  of  Navigation  at  Danzig  was  dissolved  on  September 
25, 1861,  and  in  itH  place  a  "  Hjdrographic  Bureau"  was  established  to 
form  a  section  of  Division  X  of  tbe  Ministry  of  Navy.  Its  functions  re- 
munfd  anchanged,  and  in  addition  it  wsts  commissioned  with  thecarrent 
wwkof  sea  charts  and  with  the  collecting  and  tabulating  of  naatioal 
ioronnations,  which,  between  the  years  L863  and  1868,  were  furnished  to 
the  vessels  of  the  war  navy.  In  order  to  extend  its  usefulness  to  the 
mercantile  marine  these  informations  were  published,  since  18G!>,nDder 
Ibe  title  of  "  Nnchrichten  fur  Seefahrer,"  at  first  as  additions  to  tbe 
"Prenssisches  Han(Ie)sblatt''and  since  1870  as  additions  to  tbe"  Marine 
VeronVnuDgs-Blatt." 

The  demands  on  the  Hydrographic  Office  increased  with  the  rapttl 
increase  of  the  war  uary,  until  it  I>ec8ine  unable  to  do  all  the  work 
expected  of  it.  lu  January,  1874,  therefore,  it  was  enlarged  and 
appointed  a  separate  division  of  the  Admiralty,  with  tbe  following  per 
nonel : 

One  full  captain  (or  admiral),  in  charge ;  two  chiefs  of  division,  five 
wction  chiefs  (including  the  chief  of  the  WilhelmBhaven  Observatory), 
fire  assistants,  one  librarian,  and  a  number  of  draughtsmen,  engravers, 
and  mechanics. 

?(» the  business  ail  ministration  the  following  clerical  force  was  ap- 
poioted :  Two  chiefs  of  bureaus,  two  registrars,  two  secretaries  of  chan- 
eelry,  and  the  reqaireil  subordiuates. 

Tbe  Hydrographic  Office  in  first  line  serves  the  interests  of  the  im 
petial  navy,  but  its  advantages  are  extended  to  the  mercantile  navy  as 
far  u  possible. 

A  survey  of  the  entire  territory  of  the  North  and  Baltic  Seas  was 
befan  in  1867  and  completed  in  1879;  ftttni  1880  to  1884  test  nieasure- 
ments  were  made,  scientific  experiments  instituted  along  the  German 
oasts,  and  tbe  knowledge  of  the  physical  conditions  of  the  native  seas 
improved. 

I^  Central  Telegraph  Bureau  and  the  Telepiwne  Service. — With  regard 
loits  importance  in  the  telegraphic  intercourse  the  Bureau  at  Berlin 
Mcnpiea  tbe  first  place  among  the  telegraphic  stations  of  the  £mpire. 
It  ia  attached  to  the  second  division  of  the  Imperial  Post-office  Depart 
meut  and  serves  as  center  of  the  telegraphic  and  pneumatic  intercourse 
for  Berlin. 

A  few  fignres  will  e.ihibit  the  importance  of  tbe  establishment  and 
aObnl  an  illustration  of  its  operations. 

Ttie  service  of  tbe  Central  Bureau  gives  employment  to  four  hundred 
and  Dinetytwo  officials  and  one  hundred  and  twenty -eight  subonlinates. 

The  telegrapfaing  business  requires  the  application  of  fifty-four  type 
apparatus,  Hughes's  construction,  one  hundred  and  seventy-eight  Morse 
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apparatus,  aud  fltly-one  apparatas  of  a  peculiar  constractioo.  Two 
bundred  and  eighty-two  wires  center  at  Berlin ;  of  these  fifty-six  we 
nndergroaod  and  serve  the  larger  circuit,  thirty-seven,  seventy,  and 
twenty-eight  overhead  wires  are  used  for  foretgo,  the  larger  and  smaller 
domestic  circuits,  respectively,  while  flfty-six  nnderground  wires  acoom- 
moilate  the  city  trade.  Within  the  city  limits  all  wires,  with  Uieex 
ceptiou  of  those  used  in  telephoning,  are  placed  uudergronod. 

One  hundred  and  twenty-fonr  batteries,  representing  7,350 elements, 
together  with  eight  batteries  for  special  purposes  representing  29u  ele- 
ments, are  employed  in  the  central  office. 

The  Berlin  service  comprises  351.8  kilometers  (218.6  miles)  of  lines, 
with  2,428.5  kilometers  (1,509  miles)  of  wire;  the  pneumatic  service 
comprises  40.5  kilometers  '26  miles'  of  lines,  with  4C.3  kilometers  (29 
miles)  of  tubes. 

The  pneumatic  line  commences  at  the  Central  Telegraph  Bureau, 
radiates  in  six  principal  directions,  and  together  with  the  branch  lines 
forms  connectiou  with  thirty-threepneumatic offices.  Each  line rons one 
train  every  flfleeu  minutes  in  either  direction,  with  a  velocity  of  1,000 
meters  (3281  feet)  per  minute.  The  pressure  and  vacuum  are  prodnced 
at  eight  stations,  each  of  which  is  provided  with  a  double  set  of  en- 
gines of  a  total  force  of  133  horse-power.  Forty-four  compartments  of  a 
total  capacity  of  772  cubic  meters  serve  to  hold  tho  compressed  air  aui) 
the  air  ejected  by  the  tubes.  Each  line  controls  a  special  series  of  sig- 
nals. 

The  telephone  service  was  established  in  1881.  At  the  beginning 
two  central  offices  were  established.  Each  of  these  received  two  switch- 
boards for  Sfty  pings  each.  The  great  ad  vantages  of  immediate  personal 
commnuication  and  the  extraordinary  simplicity  of  the  arrangemrat 
became  so  apparent  that  this  mode  of  communication  soon  came  into 
general  use.  The  increase  is  best  illustrated  by  stating  that  from  the 
end  of  November,  ISSl,  to  June,  1886,  the  number  of  participanta  bad 
increased  from  442  to  5,194,  while  the  line  had  increased  from  1,319 
to  10,477  kilometers  (819  to  6,610  miles.) 

In  order  to  euahle  the  subscribers  to  communicate  with  Uieir  own 
homes  or  places  of  business  from  more  distant  parts  and  also  to  throw 
the  service  open  to  general  utility,  public  stations  were  established 
which  could  be  used  by  any  one  so  desirous  n|>on  the  payment  of  a  small 
fee.     At  present  there  are  twelve  such  stations. 

The  constant  increase  in  the  number  of  telephones  rendered  it  desira- 
ble to  extend  the  telephonic  service  beyond  the  city  limits.  The  prog- 
ress made  in  this  field  of  technic,  especially  in  the  conotrnctioD  of  long- 
distance microphones,  rendered  it  practicable  to  establish,  in  November, 
1882,  counection  between  Berlin  aud  Charlottenburg ;  in  May,  1883,  it 
was  extended  to  Berlin  and  Potsdam;  in  December  18.S3  connection  was 
made  between  the  exchanges  of  Berlin  and  Magdeburg ;  in  the  years 
1884  and  1886  with  the  surburban  places :  Westend,  Ko|>eiiick,  Steg- 
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lits,  Bixdorf,  Groaa  Lichterfelde,  Weissenaee,  Pankow,  Rmnmolsburg, 
Phedenau,  and  Orilnan. 

Tbe  greatest diBtaDc«  of  347  kilometere  (215  miles)  was  aooomplisbed 
between  Berlin  and  Hanover,  ami  a  large  namber  is  projected  between 
Beriia  and  Halle,  Breslan,  Leipzig,  Hamburg,  etc. 

The  total  cost  of  construction  of  the  telephone  service  in  Berlin  to 
tad  inclodingtbe  year  1884-'85  ban  been  about  2,000,000  mark  ($500,- 
000).  Large  amoauts  are  required  for  tbe  support  and  cbangea  of 
lines  and  for  their  maintenance  and  operation. 

Until  the  beginning  of  the  year  1880  the  conduct  and  supervision  of 
the  telephone  sen'ice  was  intbe  hands  of  the  Central  Telegraph  Bureaa ; 
theeztentand  growing  demand  however  made  it  desirable  to  establish 
tbe  service  on  au  independent  basis  with  a  rank  of  an  office  of  tbe  first 
class.  The  service,  at  present  employs  two  hundred  aud  seventy-five 
regular  officials  with  a  corresponding  nnmber  of  subordinates. 

Tbe  principal  supervision  of  tbe  erection  of  buildings  for  tbe  tele- 
phonic service  and  of  its  administration,  belongs  to  the  Imperial  Fost- 
Office  Department  at  Berlin,  which  has  established  a  special  division 
for  the  purpose.  This  is  in  charge  of  a  councilor  of  |>ost  assisted  by  a 
telegraph  inspector  and  ten  officials  for  the  basioess  affairs  of  tbe  hnrean. 
Ta  these,  ten  officials  liave  been  added  who  are  employed  in  technical 
aSairs,  that  is,  in  the  preparation  of  plans  and  execution  of  tbe  necessary 
bailding  and  changes  in  tbelines  and  who  have  charge  of  a  large  number 
of  laborers.  And  all  decisions  in  telephonic  affairs  are  rendered  by  thitt 
wcond  division  of  the  im|)erial  [wst-office  department. 

The  Telegraph  (ForfcsAop,  etc. — The  duties  of  the  telegraph  apparatus 
workshop  comprise:  (1)  The  mannfacture  of  apparatus  and  parts  of 
sQcb,  as  well  as  of  the  materials  aud  tools  required  ;  {3)  the  changes  and 
repairs  to  existing  apparatus ;  (3)  the  making  of  contracts  for  the 
maDuractureof  apparatus  and  tbeir  parts,  tools,  materials,  etc.;  (4)  the 
testing  of  apparatus,  tools,  materials,  or  changes  or  repairs  made  at 
private  shops;  (5)  the  examination  of  tbe  bills;  (6)  the  care  and  stor 
^e  of  apparatus  and  their  parts;  (7)  tbe  transmission  of  apparatus 
aDtl  their  parts ;  (8)  the  sale  of  condemned  material;  (9)  the  keeping 
of  accounts  with  regani  to  tools,  apparatus,  and  their  parts,  materials 
sDd  equipment ;  (10)  the  keeping  of  a  list  of  applicants  for  mechanical 
poBitious;  (11)  the  employment  of  assistant  mechanics  appointed  by 
tbe  post-office  department. 

Tbe  telegraph  workshop  is  therefore  divided  into  three  branches, 
viz:  (a)  tbe  bureau,  (b)  tbe  mechanical  work  shop,  {c)  tbe  carpenter 
ahnpand  shipping  office. 

The  bureau  gives  employment  to  one  official  of  the  first  class,  aud  three 
ofl^e  second,  while  the  mechanical  workshop  employs  one  official  of  the 
fiTBt  class  who  supervises  tbe  force,  consisting  of  twenty  mechanics. 

Each  mechanic  has  a  separate  and  completely  equipped  place  assigned 
within  the  shop.  ,  -  t 
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The  cable  exam  inatiou- room  serves  iu  tbe  first  liue  fur  coutinued 
measarements  of  the  niidergmuud  liiietiof  BerliD,  wbicli  are  ma<leouce 
a  week ;  it  is  fnrthenuore  used  for  tbo  accurate  measurements  aud  ex- 
periments  witb  new  batteries,  apparatus,  and  switcbes,  etc.  The  cMir- 
rents  of  the  two  uudergrouud  cables,  Berlin  aud  Thoru  and  Berlin  and 
Dresden,  are  measured  by  the  aid  of  two  Belf-reglsteriQg  apparatus  lo- 
cated in  tbe  testing-room. 

The  use  of  underground  cables  made  it  desirable  to  test  their  elec- 
trical properties  at  regular,  short  intervals  by  measuring  the  resistance 
of  the  copper  wire,  tlie  isolating  resistance,  etc,  of  the  insulating  mate- 
rial, etc.  Tbis  had  the  effect  of  giving  full  information  of  tbe  state  of 
thecableat  all  times;  any  mechanical  iujury  wasatonce  indicated,  and 
could  be  repaired  without  delay.  These  regular  measurements  offered 
an  opportunity  for  tbe  instruction  to  a  large  number  of  officials  located 
throughout  the  Empire,  thus  enabling  them  to  be  of  service  in  case  of 
emergency. 

The  Foetal  Museum, — The  collections  of  the  postal  muBenm  are  located 
on  the  ground  floor  of  the  mounmeutal  building  of  tbe  central  Post- 
OfBce  Department  of  the  German  Empire. 

Tbe  I'ostmaster  General,  soon  after  entering  upon  his  duties,  endeav- 
ored to  iutecest  the  official  bureaus,  private  individuals,  artists,  scien- 
tists, etc.,  in  his  ideas,  and  succeeded  therein  in  such  a  meat^uro  that  at 
the  beginning  of  the  present  decade  already  a  pretty  complete  repre- 
sentation from  the  begiuuing  of  communication  to  the  present  days,  was 
presented  in  tbe  collections  of  tbe  postal  museum. 

In  the  mean  time,  by  the  incorporation,  in  1876,  of  the  telegraphy 
witb  the  post,  all  the  apparatus,  models,  materials,  etc,  collected  by 
the  former  geueral  director  of  telegraphy  were  transferred  to  the  older 
sister  establishment,  and  this  collection  being  very  rich  and  complete, 
the  telegraph  division  of  the  postal  bureau  offers  to  the  technician  and 
to  the  physical  science  a  rich  source  for  earnest  study,  and  especially 
a  true  historical  picture  of  the  development  of  the  telegraph. 

The  postal  division,  of  conrse,  is  still  more  extended,  for  the  history 
of  communication  is  as  old  as  man  himself.  In  the  museums  are  rep- 
resented the  Egyptians,  Assyrians,  Persians,  Hebrews,  and  other  i>eople 
of  antiquity ;  Egyptian  hieroglyphs,  papyrus  with  hieratic  writing,  and 
Niniveh  writing  upon  terracotta  plates  are  the  proofs  which  those 
people  offer.  The  little  plates  of  the  Greeks  and  Romans  which  were 
laid  before  tbe  oracle  of  Dodoiis,  the  skylale  written  upon  parchment, 
the  well  executed  imitations  of  the  rare  '■^tabellm  duplieea  et  trip- 
licea  "  and  tbe  "  Diptyches,^  distributed  by  tbe  Roman  consuls  upon  the 
commencement  of  their  terms  of  office,  conclude  the  antiquity.  The 
gradual  development  of  more  regulated  forms  of  later  i>eriods,  includ- 
ing the  Middle  Ages,  are  illustrated  by  precious  samples  of  writings 
emanating  from  the  coutemplativequietof  the  monasteries,  representa- 
tions of  boats,  wagons  and  teams,  streets,  ships,  ete:,  fitful  while  the 
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modern  eosmopoliUiu  character  of  the  "  \iOBt "  is  representetl  by  oataral 
models  of  all  )>eo|>k'8  auti  coiiutries.  Everything  in  represeoted,  frooi 
the  most  primitive  row-boat  to  the  highly  elegant  steaintir,  from  the 
"dog  poBt"  to  the  six-hortifl  po»tul  carriage,  railway  post,  pigeon  poet, 
tield  post,  etc.  Numerous  illustrations  of  the  homes  of  the  post  in  all 
zones,  and  models  of  the  stately  buildings  of  modern  times,  complete 
the  panorama. 

IX.-THE  BOYAL  LIBRABY. 

The  establishment  of  a  public  library  dates  back  to  the  year  1661,  tuid 
ii  tnring  to  the  Grand  Elector  who  onlered  the  collectiou  of  the  frag> 
meoteof  the  monasterial  libraries  and  had  them  combiued  with  the 
library  of  the  castle,  forming  a  collection  comprising  1,618  European 
ud  Oriental  manoscripts  and  20,600  printed  works,  representing  aboat 
!W,000  volumes.  Frederick  1  added  to  it  the  purchased  Spanheim  col- 
lection of  books,  and  Frederick  11  the  library  and  collectiou  of  charts  of 
Colonel  Quintus  Icilins  and  other  valuable  purchases.  The  present 
bnildiog  was  erected  in  the  years  1774-1780  by  order  of  Frederick  the 
Gnat;  the  books  were  transferred  to  it  in  ]782,aud  the  reading-room 
mui  opened  in  1784. 

According  to  the  report  of  the  director,  in  1836,  the  library  contained 
about  200,000  ])riuted  volumes,  and  4,611  manusvripts.  The  growth  of 
tlie  library  was  such,  that  toward  the  eud  of  the  reign  of  Frederick 
William  III,  the  lower  floor  of  the  building — used  for  the  storage  of 
iMxiks,  had  to  be  applied  to  the  use  of  exposition.  It  was  re-niodelled 
daring  the  years  1840  to  1842,  and  divided  into  two  stories.  The  burn- 
ing in  1843,  of  the  Royal  Opera  House,  immediately  opposite  the  library, 
called  attention  to  the  importance  of  fire-prooflog  the  building,  the 
provision  of  iron  stairways,  doors,  etc.,  and  of  suitable  water  reservoirs. 

The  extraordinary  increase  of  the  collections — amouutiug  at  present 
(1886)  to  800,000  volhmes,  and  20,000  manuscripts,  renderetl  it  necessary 
to  divide  the  elevation  of  the  stories  by  means  of  iron  ceilings,  and  to 
nae  a  portion  of  the  attic  for  the  storage  of  books. 

The  budget  for  1886-'87  allowed  96,000  mark  ($24,000)  for  the  pnr- 
ehaae  of  books,  maoasoripts,  journals,  music,  charts,  and  illustrations, 
and  for  the  necessary  expense  for  the  binding  of  booka 

X.— THE  BOYAL  BUREAU  OF  ENGRAVING  AND  PRINTING. 

In  1850,  when  the  Finance  Department  had  under  advisement  the  best 
method  for  preventing  the  manufacture  of  connterfeit  money,  a  propo- 
utioD  was  made  to  have  all  paper  money  and  securities  made  at  some 
central  establishment.  On  April  30,  1851,  a  royal  decree  authorized 
the  establishment  of  a  bureau  for  the  manufacture  of  paper  money, 
luDds,  and  other  securities,  and  a  building  was  purchased  for  the  por- 
pose  at » cost  of  5,380  thider(»4,135).  /-  l 
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In  1853,  tlid  establishment  commenced  operations  vitb  a  personnel 
coiisisting  of  four  officials,  two  meBsengers,  and  fifteen  laborers.  At 
present  tiiue  boDdred  persons  are  employed. 

On  AngusC  1, 1852,  the  manufacture  of  postage  stamps,  stamped  en- 
velopes, newspaper  wrappers,  which  until  then  bad  been  made  by  pri- 
vate contract,  was  given  to  the  bureau  together  with  all  tbe  necessary 
machines  and  implements  for  the  mannfactare  of  the  same,  which  bad 
been  the  property  of  the  Post-Office  Department. 

At  the  close  of  the  year  18C0,  when  tbe  Boyal  Lithographing  Institute 
became  combined  with  the  Bureau  of  Engraving  and  Printing,  it  was 
found  necessary  to  employ  copper  engraving  with  photographic  twd  gal- 
vanoplastic  processes  in  engraving  of  charts  instead  of  litbograpby, 
and  this  change  again  was  productive  of  an  enlargement  of  the  office 
together  with  a  corresponding  increase  in  machinery. 

A  great  source  of  revenue  and  profit  was  offered  in  the  enormoas  sup- 
ply of  postage  stamps  and  cards  required  by  tbe  totally  unexpected  de- 
velopment of  the  postal  service.  This  kind  of  work  had  formerly  been 
performed  by  the  printing  office  of  Decker,  which  by  decree  of  Hay  23, 
1S77,  bad  been  purchased  by  the  German  Government  for  the  sum  of 
6,780,000  mark  (tl,695,000)  and  had  been  placed  uuder  tbe  jnrisdtctioD 
of  the  Postmaster-General. 

By  law  of  May  15,  1879,  the  Pmssian  Barean  of  Engraving  was  pur- 
chased by  tbe  Imperial  Government  for  a  consideration  of  3,573,000 
mark  ((893,250)  and  consolidated  with  the  printing  establishment  nnder 
the  name,  "Koyal  Bureau  of  Engraving  and  Printing." 

The  amalgamation  look  place  at  once  from  a  business  point  of  view, 
tbe  general  snpervisinu  remaining  in  the  hands  of  the  chief  of  the  Ger- 
man post  and  telegraph  administration,  in  whose  bureau  a  separate 
division  was  established  under  the  name  "  Director  of  the  Royal  Bureau 
of  Engraving  and  Printing." 

In  order  to  nccominodate  tbe  increased  force  of  the  combined  offices, 
the  adjacent  buildingH  were  purchased  in  May,  1879,  for  the  sum  of 
617,500  mark  ((129,376);  the  tearing  down  of  tbe  old  buildings  began 
at  once  and  in  tbe  aatumn  of  1881  the  new  building  was  ready  for 
occupation. 

The  bureau  at  present  employs  ninety-five  artists  and  regular  mechan- 
ics, and  seven  hundred  and  seventy  laborers  (male  and  female),  appren- 
tices, and  iJorters. 

Tbe  work  of  tbe  bureau  increases  from  year  to  year  although  a  great 
deal  of  it,  not  involving  money  or  bonds,  is  now  turned  over  to  private 
industries. 

At  present  the  ordinary  work  required  by  tbe  Government  and  bo- 
reaiis  represents  about  120,000,000  sheets,  of  which  the  Imperial  Post 
and  Telegraph  Administration  uses  about  13,000,000  sheets  and  aboat 
60,000,000  cards,  independent  of  the  large  amount  of  work  ordered  trvm 
private  firms, 
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BY  G.   W.   DB  'I'UNZELMANN,  B.  «(!. 


H.  Hertz  has  beeu  eDgaged  for  some  time  pOHt  id  a  series  of  researches 
on  electrical  oacillations,  wbicli  have  led  to  results  of  very  exceptioual 
imporwDce,  and  as  tbese  resalta  throw  coDsiilerable  light  od  the  nataro 
of  electrical  action,  it  will  be  of  ioterext  to  have  a  couDected  avcoaut 
1^  tbe  luvestigatioiis,  to  which  I  therefore  propose  to  devote  a  short 
aeties  of  pajiers. 

Id  Hertz's  first  paper  on  the  aabject,  viz,  "  On  Very  Rapid  Electrical 
Owunations"  (Wiedemaun'ti  Annalen,  1387,  vol.  XXXI,  page  421),  he 
refers  to  a  paper  by  Oolley,  "Ou  Some  New  Melbods  for  Observiug 
Electrical  OacillatioQs,  with  Applications"  (ibid.,  vol.  xxvi,  page  432), 
who  calls  attention  to  tbe  fact  that  Sir  William  Thompson  Id  1853, 
iliowed  the  possibility  of  producing  electrical  oscillatioDs  by  the  dis- 
Aatgt  of  a  diarged  conductor,  and  gives  references  to  all  tbe  investiga- 
tions  iu  the  same  direction  which  were  kiiown  to  bim.t 

*Fmm  The  Electridan  ([iub1i»be<1  iu  Loudoo),  Sept.  14  to  Nov.  Ill,  IttBS,  *ol.  xsi, 
[>f.587,fla5,663,G86,725,757,7riBi  vol.  XXII,  pp.  10,  41. 

)For  the  benefit  of  readeni  who  ni&j  wish  to  puraue  the  subject  farther  tbe  li«t  is 
npnduoeil  below : — 

[JoMpb  Hcary  waa  tbe  lint  to  experimentallj'  demotmlrat«  the  oscillation  of  elec' 
trieal  discharges,  iu  Jane,  1842.  Froeetdiiig»  America*  Philotoplt.  Soc.,  vol.  ii,  pttgoa 
19J-I96.  Also,  "Scieutific  Writings  of  Joseph  Henry,"  published  by  tbe  Siuithson. 
iu  iBstitutioD  ;  vol.  i,  page  200.  ] 

Ton  HelmholU,  "ErfaBltOQgder  Kraft."  Berlin,  1847:  Tran8lnt«d  and  piibliHlitd 
i*  TrwUirs  "ScicQtifie  Memoirs,"  London,  1853,  vol.  i,  page  143.  Also,  "Oeiuni- 
•nile  AbhsDdlDDgeQ,"  vol.  i,  page  531. 

Sir  Willikoi  Tbomsoti,  L.  B.  D.  Phil.  Mag.  m'iU,  vol.  V,  page  400.  Also,  "  Hatbe- 
suuial  and  Phjsioul  Papers,"  vol.  I,  page  .^40. 

Feddenen, Poggendorff's  Aimalea,  IKid,  vol.  cm,  page  69;  IH.')'J,  vdl,  cviii,  page 
07;la6l,  »ol.  CXii,  page  452;  latil,  vol.  cxin,  pog«  4:t7;  IMJ,  vol.  cxv,  iiage33t>; 
1893,  vol.  cxvi,  page  132. 

Kirchhoff,  "Oesanimelte  Abbaodlungen,"  page  lt>6,  containing  remarks  on  and 
cotrectinns  of  some  of  Pedderaen's  rMultn. 

Ton  Oettiogen,  Pogi;endorff>  Annalen,  IStiJ,  v<  1.  c.w,  page  513;  and  Jnbelband 
of  tame.  1874,  page  269. 

BcTDstein,  Poggendorft'a  Annalm,  l>i71,  vol.  cxLii,  pages  54-86. 

Bcbiller,  roggeniJoTff's  Annalea,  1872,  vol.  cui,  page  ri3C>. 

HoDloD,  Tbtse,  Paris,  1^76.    JouTvalda  Phsrique,  1876,  vol.vi,  pages 5  and  46. 
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According  to  tbese  investigations,  tlie  electrical  oscillations  produced 
in  an  open  circuit  by  roeans  of  an  induction  coil  are  measured  by  ten 
tbODsandtliB  of  a  second,  while  in  the  case  of  the  oscillatory  discbarge 
of  a  Leyden  jar  tbey  are  about  a  hundred  times  as  rapid,  as  was  Bbowu 
by  Feddersen. 

According  to  theory,  still  more  rapid  oscillations  shonld  be  possible 
in  an  open  circuit  of  wire  of  good  conducting  materiiil,  provided  its  ends 
are  not  connected  with  conductors  of  an;  considerable  capacity;  bat  it 
is  not  possible  to  determine  from  theory  whether  niea.anrablc  osdlla- 
tions  are  actually  produced.  Some  observations  of  Hertz's  led  him  to 
believe  that  under  certain  circumstances  osciltatioDS  of  this  kind  were 
produce<l,  and  his  rcsoiirches  show  that  this  is  so,  and  that  the  oscilla- 
tions are  about  a  hundred  times  as  rapid  as  those  observed  by  Fedder- 
sen; 80  that  their  periods  are  measured  by  hundred  milliouths  of  a 
second,  and  they  therefore  occnpy  a  position  intermediate  between 
acoustic  and  Inminous  vibrations. 

Preliminary  ExperimenU. — It  is  knownthatif  in  the  secondary  circuit 
of  an  induction  coil  there  be  inserted,  in  addition  to  the  ordinarj'  air 
s|iace,  across  which  sparks  pass,  a  Hiess  spark  micrometer,  with  its 
l>oles  joined  by  a  long  wire,  the  discharge  will  pass  across  the  air  space 
of  tbe  micrometer  in  preference  to  following  the  path  of  least  resistance 
through  the  wire,  provided  this  air  space  does  not  exceed  a  certaiu 
limit,  and  it  is  upon  this  principle  that  lightning  protectors  for  tele- 
graph lines  are  constructed.  It  might  be  expected  that  tbe  sjiarks 
could  he  ma«le  to  disappear  by  diminishing  the  length  and  resistance 
of  tbe  connecting  wire;  but  Hertz  finds  that  tliongh  the  length  of  the 
sparks  can  be  diminished  in  this  way,  it  is  almost  impossible  to  get  rid 
of  them  entirely,  aud  they  can  still  be  observed  when  the  balls  of  tht^ 
micrometer  arc  connected  by  a  thick  copper  wircoulyafew  centimeters 
in  length. 

This  shows  that  there  must  be  variations  in  the  potential  measure- 
able  in  bandredths  of  a  volt  in  a  portion  of  the  circuit  only  a  few  centi- 
meters in  length,  and  it  also  gives  an  indirect  proof  of  the  enoriDoas 
rapidity  of  the  discharge,  for  the  diOerence  of  poteutial  between  tho 
micrometer  knobs  can  only  be  due  to  self-induction  iu  the  connectiug 
wire.  Now  the  time  occupied  by  variations  in  tbe  potential  of  one  of 
the  knobs  must  be  of  the  same  order  as  that  in  which  these  variations 
can  be  transmitted  through  a  short  length  of  a  good  conductor  to  tbe 
.second  knob.  The  resistance  of  the  wire  connecting  the  knobs  is  foand 
itO'be  without  sensible  eft'ect  on  the  results. 

iL,  Lorenz,  Wiedeniann'a  Ai>«aU»,  1S79,  vol.  vit,  page  161, 

Olearsk;,  YcrhKadliinKOD  iler  Acaileiiiiu  von  Krakaii,  16^,  vol.  vti.  pnge  141. 

Kulncek,  JleibliiUer  zti  Wie^leaiaiiu'H  Aanalrn,  X'iSi,  vol.  Vli,  pace  541  (abaLrsct  af 
a  pnpcr  piiblialied  in  tliu  ri'nortB  of  th«  Bobemiao  Scientific  Society  in  IHH^). 

Bichot  et  Blonillot,  CoMpleii  Hmdun,  lHHi,  vol.  xciv,  puge  1690. 

Oberbeck,  Wiederaont 
.XIX,  pa^^cH  313  and  2&'i. 
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Id  Fig.  1,  A  is  OB  indaction  coil  aod  B  a  diitcfaarge.  The  wire  cod- 
ueeting  the  knobs  1  aod  2  of  th«  sparli  micrometer 
M,  coDsists  of  a  recraugle,  half  a  meter  in  length, 
of  copper  wire  2  millimeters  iu  diameter.  This  rect- 
iingle  in  couuected  with  the  secoudary  circuit  of  the 
coil  in  the  manner  showu  iu  the  diagram ;  aud  when 
[he  coil  is  in  action,  sparks — aometimeti  several 
milliineters  in  length — are  seen  to  pass  between  the 
knobs  1  aud  2,  showing  that  there  are  violent  elec- 
trical oscillations,  not  only  in  the  secondary  circait 
itBelf,  but  in  any  conductor  in  contact  with  it.  This 
eiperimeut  shows  even  more  clearly  than  Ibc  preri- 
008  one  that  the  rapidity  of  the  oscillations  is  com- 
parable with  the  velocity  of  tmnsmisaiou  of  electrical 
itisturbances  thnmfili  the  cop|ier  wire,  which,  ac- 
conliug  to  all  the  evidence  at  our  disposal,  is  nearly  Fin.  L 

(qnal  to  the  velocity  of  light. 

In  order  to  obtain  micrometer  sparks  some  millimeters  iu  length,  a 
[))werfu1  induction  coil  is  reqnired,  and  the  one  used  by  Hertz  was  52 
ceotimeters  in  length  and  20  centimeters  in  diameter,  provided  with  a 
inercnry  contact  breaker,  and  excited  by  six  large  Bunsen  cells.  The 
'liscbarger  terminals  consisted  of  brass  knobs  3  ceutimeters  iu  diame- 
ter. The  experiments  showed  that  the  phenomenon  depends  to  a  very 
fr«at  extent  on  the  nature  of  the  sparks  at  the  discharger,  the  micro- 
tncter  sparks  being  fuond  to  l>c  much  weaker  when  the  discharge  in 
tlie  secondary  circuit  took  place  between  two  points,  or  between  a  point 
Hnil  .1  plate,  than  when  knobs  were  used.  The  micrometer  sparks  were 
alio  found  to  be  greatly  enfeebled  when  the  secondary  discharge  took, 
jtltce  in  a  rarified  gas,  and  also  when  the  sparks  in  the  sevondary  were 
leas  than  half  a  centimeter  in  length,  while  ou  the  otber  hand,  if  they 
exceeded  1^  centimeters  tlie  sparks  could  no  longer  be  observed  be- 
tween the  micrometer  knobs.  The  length  of  secondary  spark  which 
vas  fonnd  to  give  the  best  results,  and  which  was  therefore  employed 
in  the  further  observations,  was  about  three-quaiters  of  acentimeter. 

Very  slight  diflerences  in  the  nature  of  the  secondary  sparks  were 
found  to  have  great  effect  ou  those  at  the  micrometer,  and  Hertz  states 
ttiat  after  some  practice  he  was  able  to  determine  at  once  from  the 
Wand  and  appearance  of  the  secondary  spark  whether  it  was  of  a  kind 
to  give  the  most  powerful  effects  at  the  micrometer.  The  sparks  which 
g&ve  the  best  results  were  of  a  brilliant  white  color,  only  slightly 
j*Kged,  and  accomiiauied  by  a  sharp  crack. 

The  inSuence  of  the  spark  is  readily  shown  by  increasing  the  distance 
between  the  discharger  knobs  beyond  the  striking  distance,  when  the 
nicrometer  sparks  disappear  entirely,  although  the  variations  of  i>o- 
teutisl  are  now  greater  than  before.  The  length  of  the  micrometer  cir- 
cqit  bas  naturally  an  important  influence  on  the  length  of  the  spark,  as 
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tbe  givater  its  length  tbe  greater  will  betberetardaliooof  the  electrical 
wave  iu  its  passage  through  it  from  oue  kuob  of  the  micrometer  to  tb« 
other. 

The  material,  the  reBistance,  and  the  diameter,  of  the  wire  of  which 
the  micrometer  circuit  is  formed,  have  very  little  iuQueuce  on  tbe  spark. 
Tbe  potential  Tiuiations  can  not  therefore  be  due  to  the  resistauoe,  uid 
this  was  to  he  expected,  for  the  rate  of  propagation  of  an  electrical  dis- 
turbance along  a  conductor  depends  mainly  on  its  capacity  and  co-etB- 
cieut  of  self-induction,  and  only  to  a  very  small  extent  on  its  resistance. 
Tho  length  of  the  wire  connecting  the  micrometer  circnit  with  the 
secondary  circnit  of  tbe  coil  is  also  found  to  have  very  little  iuflauice, 
provided  it  does  not  exceed  a  few  meters  in  len(;th.  Tbd  electrical  dis- 
turbances mnst  therefore  traverse  it  without  undergoing  any  appreciable 
change.  The  {wsition  of  the  jwint  of  the  micrometer  circuit  which  is 
joined  to  the  secondary  circnit,  is  on  the  other  band  of  the  greatest 
imjiortauce,  as  would  be  expected,  for  if  tbe  [mint  is  placed  symmetric- 
ally with  re6i>ect  to  tbe  two  micrometer  knobs  fbe  variations  of  poten- 
tial will  reach  the  latter  in  the  same  phase,  and  there  will  be  no  effect, 
as  ia  verified  by  obscr\'atioii.  If  the  two  branches  ot  the  micrometer 
circnit  on  each  side  of  tbe  point  of  contact  of  the  conoection  with  the 
secondary  are  not  symmetrical,  tbe  spark  can  not  be  made  to  disappear 
entirely;  but  a  nitnimum  efliect  is  obtained  when  tho  point  of  contact  is 
about  half-way  betweeu  the  micrometer  knobs.  This  point  may  be 
called  the  nnll  point 

Fig,  2  shows  the  arrangement  employed,  e  being  the  null  point  of  the 

p  -  rectangular  circuit,  which  is  135  centimeters  loug 

\\^   A    J[  iiy  80  centimeters  broad.     When  the  point  of  cou- 

^I        JU  liict  is  at  a  or  6,  sparks  of  from  3  to  4  millimeters 

O — I — W— — o     ill  length  are  observed,  when  it  is  at  e  no  sparks 

are  seen,  but  tliey  can  be  made  to  rc-appear  by 

nbifbing  the  point  of  contact  a  few  centimeters  to 

tbe  right  or  \iilt  of  tbe  null  point.     It  should  be 

noted  that  Hparksonly  a  fewbuudredthsof  amilli- 

nieter  in  length  can  be  observed.     If  when  the 

point  of  contact  is  at  e  another  coudnctor  is  placed 

in  contact  with  one  of  the  micrometer  knobs  the 

sparks  re-appear. 

Now  the  addition  of  this  coixluctor  can  not  pro- 
duce auy  alteration  in  the  time  taken  by  the  dis- 
■  ^  turbniices  proceeding  from  e  to  reacli  the  knobs, 

and  therefore  the  phenomenon  can  not  be  duo  simply  to  single  waves 
iu  tho  dii-ectiODs  c  a  and  d  b  respectively,  but  must  be  due  to  reiieated  re- 
flection of  the  waves  until  a  condition  of  stationary  vibration  is  attained, 
and  the  addition  pf  the  conductor  to  one  of  the  knobs  must  diminish  or 
prevent  tho  reflection  of  the  waves  from  that  terminal.  It  mnst  be  as- 
sumed  then,  that  defiuite  oscillations  are  set  np  iu  the  micrometer  cir- 
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cuit  JDSt  as  aD  elastic  bar  ig  thrown  ioto  definite  vibrations  by  blows 
ftnra  a  bammer.  If  this  assumtioD  is  correct,  the  cooditioD  for  the  dis- 
:i|)|>earaace  of  the  sparks  at  M  will  be  that  the  vibratioa  periods  of  the 
ivo  branches  e  1  and  e2  shall  be  equal.  These  periods  are  determined 
by  the  prodacte  of  the  ooefflcients  of  selfindnctioD  of  tbese  conductors 
into  tlie  capacity  of  their  termiuals,  and  are  practically  iudepeiideiit  of 
Iheir  resistances. 

In  ronfirmation  of  this,  it  is  found  that  if  when  the  point  of  contact  is 
at  e  and  the  sparks  have  been  wade  to  re-ap|>ear  by  connecting  a  coii- 
iloctor  with  one  of  the  knobs,  this  conductor  is  replaced  by  One  of 
greater  capacity,  sparking  is  greatly  increased.  If  a  conductor  of  equal 
capacity  is  connected  with  the  other  micrometer  knob  the  spai  ks  disap- 
liear  again;  the  effect  of  the  first  condactor  can  also  be  count  eractetl 
by  shifting  the  point  of  contact  towards  it,  thereby  dimiaishing  the 
aelfindnctioa  in  that  branch.  The  conclusions  were  further  confirmed 
by  the  reaolts  obtained  when  coils  of  copper  wire  were  inserted  into  one 
Of  other  and  then  into  both  of  the  branches  of  the  niicronieler  circuit. 

Hertz  supposed  that  as  the  self-induction  of  iron  wires  is,  for  alow 
tltemalions,  from  eight  to  ten  times  that  of  copper  wires,  therefore  a 
short  iron  wire  would  balance  a  long  copper  one;  but  this  was  not 
fonod  to  be  the  case,  and  he  concludes  thitt,  owing  to  the  great  rapidity 
ofllie  alternations,  the  magnetism  of  the  iron  is  unable  to  follow  them 
and  therefore  has  no  effect  on  the  self-iuductioD.* 


Induction  phenomena  in  open  circuiU. — In  order  to  test  more  fully  his 
conulnsion  that  the  sparks  obtained  in  the  esperiiucnts  described  in  the 
previous  section,  were  doe  to  self-induction.  Dr.  Hertzplaced  a  rectangle  ' 
orcopperwire  with  sides  lOand  20  centimetersin  length,  respectively, 
brokeo  by  a  short  air  space,  with  one  of  its  sides  parallel  and  close  to 
varioDs  portions  of  the  secondary  circuit  of  the  coil,  aud  of  the  micro- 
ntetcr  oircuit,  with  solid  dielectrics  interiiosed,  to  obviate  the  [wsstbil- 
ily  of  sparking  across,  and  he  found  that  sparkiug  in  titis  rectangle 
iurariably  accompanied  the  discharges  of  the  indaction  coil,  the  longest 
Rparbs  being  obtained  when  a  side  of  the  rectangle  was  close  to  the  dia- 
chai^er. 

A  copper  wire,  (  g  A  (Fig.  3),  was  next  attached  to  the  discharger, 
31x1  a  aide  of  the  micrometer  circuit,  which  was  supported  on  an  insu- 
latinj;  stand,  was  placed  parallel  to  a  portion  of  this  wire,  as  shown  in 
tbediagram.    The  sparks  at  M  were  then  found  to  be  extremely  feeble 

'  In  m  onto  Id  Wiedein«iD'e  JrhkIsii,  vol.  xxsx,  page  IJ43,  Dr.  Hertz  staleiiC  hat  sinco 
1^  pDblkation  of  liie  paper  in  tlie  same  volume,  he  had  TuhdiI  that  Vou  Bexuld  hwl 
published  a  paper  in  It^O  (Pog);euilorff'fl  AanattK,  vol.  cxL,  page  541),  in  wbicb  ha 
'"•dirtived  by  a  difforeut  uiethoil  ofexperinieiitinEatiiimilar  TestiltaaDiIcoDcluaioua 
"Huwe  given  by  him  under  the  head  of  Proliiiiiiiary  Experiiuenta,  {  ~/  *j*n|i' 
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QDtil  a  (M)iHltictor,  C,  was  attached  to  tliefreeeD(),A,  of  the  copper  wire, 
when  tbey  increase*!  to  1  or  2  milli- 
n     ^     rf]  meters  in  length.     That  the  Action  of 

U?        JU  C  was  not  an  electrostatic  one  was 

p  'opt        *o  shownby  its  producing  no  effect  when 

attached  at  g  instead  of  at  ft-  Wlien 
the  knobs  of  the  discharger  B  were 
Ro  far  separated  that  no  sparking  took 
place  there,  the  sparks  at  M  were  also 
found  to  disappear,  showing  that  these 
weredue  to  the  snddeu  discharges  anil 
not  to  the  charging  currenL  The 
sparks  at  tlie  discharger  which  pro- 
dacedthemosteffectatthemicrometer 
were  of  the  same  character  as  tlioee 
describetl  in  my  last  paper.  Sparks 
were  also  found  to  occur  between  the 
_     ,  micrometer  circnit  and  insulated  oon- 

ductors  in  it«  vicinity.  Tiie  sparks 
becauii:  much  shorter  when  conductors  of  lai^r  capacity  were  attacdied 
to  the  micrometer  knobs,  or  when  these  were  toucbe<1  by  the  band,  show- 
ing that  the  quantity  of  electricity  in  motion  was  too  small  to  charge 
these  conductors  to  a  similarly  liigh  potential.  Joining  the  micrometer 
kuoht)  by  n  wet  threatl  did  not  perceptibly  diminish  the  strength  of  the 
sparks.  The  effects  in  the  micrometer  circuit  were  not  of  sufficient 
strength  to  protluce  any  sensation  when  it  was  touched  or  the  circuit 
completed  through  the  body. 

In  onler  to  oblaiu  further  conGrmation  of  the  oscillatory  natureol  the 
current  in  the  circuit  Jtt  ft  j7  (Fig. :!),  the  conductor  0  was  again  attached 
toft,  and  the  micrometer  knobs  drawn  apart  until  sparks  only  )»asset] 
singly.  A  second  conductor,  C,  as  nearly  as  possible  similar  to  C,  was 
then  attaclied  to  k,  when  a  stream  of  sparks  was  immediately  ohservetl, 
and  it  continued  when  the  knobs  were  drawn  still  further  apart.  Thit) 
el!fact  conid  not  be  ascribctl  to  a  direct  action  of  the  portion  of  circnit 
i  k,  for  in  this  case  the  action  of  the  portion  of  circuit  g  k  would  bo 
weakened,  and  it  must  therefore  have  consisted  in  C  acting  on  the  dis- 
charging current  of  C.  a  result  which  would  be  quite  incomprehensible 
unless  the  current  in  (f  k  were  of  an  oscillatory  charucier. 

Since  an  oscillatory  motion  lietween  C  and  C  iscsseiitial  for  the  pro- 
daction  of  iiowerfnl  inductive  effects,  it  will  not  be  suilicieiit  fur  the 
spark  to  occur  in  an  exceedingly  short  time,  but  the  resistance  must  at 
the  same  time  not  exceed  certitin  limits.  The  inductive  effects  will  there- 
fore be  excessively  small  if  tlie  induction  coil  iuchideil  in  the  circnit 
C  C  is  replaced  by  an  electricul  machine  alternately  charging  ami  dia- 
chargiug  itself,  or  if  too  small  an  induction  coil  is  used  ;  oragnin  ifllie 
air  space  between  the  discharger  knobs  i.i  too  great, aa-ht  all ilwse cases 
tlie  motion  ceases  to  be  oscillatorv.  '       t> 
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The  reason  that  the  discbarges  of  a  powerful  iodactiou  coil  gives  rise 
to  oscillatory  motion  is  that  firstly,  it  charges  the  tormiuals  (7  ami  C 
to  a  high  potential ;  secondly,  it  prodnces  a  sndden  spark  id  the  iuter- 
Teaing  circnit ;  and  thirdly,  as  soon  as  the  discbarge  ^egi□s  the  resist- 
aseeof  the  air  spaoe  issomueh  reducedas  to  allow  of  oscillatory  motion 
being  set  np.  If  the  terminal  conductors  are  of  very  large  capacity,  (ur 
eiunple,  if  the  tenninnls  are  iu  conuection  with  a  battery,  the  current 
of  discharge  may  indefinitely  rednee  the  resistance  of  the  air  space,  but 
when  the  terminal  conductors  are  of  small  capacity  this  must  be  done 
hj  a  separate  discharge,  and  therefore  under  the  conditions  of  the 
witbor's  experiments,  an  iudactiou  coil  was  absolutely  essential  for  the 
production  of  the  oscillations. 

As  the  indnced  sparks  in  the  experiment  last  described  were  several 
BiiUimelers  in  length,  the  author  modified  it  by  nsing  the  arrangement 
shovD  iu  Fig.  4,  and  greatly  increasing  the  distance  between  the  mioro- 
'  neter  circuit  and  the  secondary  circuit  of  the  indnction  coil.  The  ter- 
mioal  condnctors  €  and  C  were  3  metera  apart,  and  the  wire  between 
theni  waa  of  copper,  2  millimeters  in  diameter,  with  the  discharger  B 
at  its  center. 


-^•S ° °t     c-     la 


The  micrometer  circuit  consisted,  as  in  the  preceding  experiments,  of 
a  rectangle  ■VO  centimeters  broad  by  J  20  centimeters  long.  With  the 
nearest  side  of  the  micrometer  cirituit  at  a  distance  of  half  a  millimeter 
from  cue  sparks  'I  millimeters  in  length  weie  obtaiue4l  at  M,  and, 
thoogk  the  length  of  the  sparks  decreased  rapidly  us  the  distance  of 
the  micrometer  circuit  was  increase^!,  a  continuous  stream  of  sparks  was 
Btill  obtainetl  at  a  distance  of  U  meters.  The  intervention  of  tbe  ob- 
server's bo<ly  between  the  micrometer  circuit  and  tho  wire  C  B  C  pro- 
duced no  visible  effect  on  the  stream  of  sparks  at  M.  That  tbe  effect 
«a*  really  due  to  the  rectilinear  conductor  0  B  C  was  proved  by  tbe 
fset  that  when  one  or  other,  or  both,  halves  of  this  conductor  were  ro- 

luced by  draw 
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ing  the  koobs  of  the  discfaarger  B  apart  notjl  sparks  ceased  to  pass 
showiDg  that  the  effect  was  not  due  to  the  electro-static  potential  ditht 
euce  of  C  (y,  as  this  would  be  increased  by  separating  the  discbarger 
knobs  bej'ODd  sparking  distnuce. 

The  closed  micrometer  circuit  was  then  replaced  by  a  straight  oopper 
wire,  slightly  shorter  than  the  distance  C  V,  placed  parallel  to  C  BO, 
and  at  a  distance  of  60  centimeters  from  it.  This  wire  terminated  in 
knobs,  10  centimeters  in  diameter,  attached  to  insalating  supports, and 
the  spark  micrometer  divided  it  into  two  eqnal  parts.  Undertheaecu^ 
cumstanccs  sparks  were  obtained  at  the  micrometer  as  before. 

With  the  rectilinear  open  micrometer  circuit  sparks  were  still  observed 
»t  the  micrometer  when  the  discharger  knobs  of  the  secondary  coil  cir- 
cuit were  separated  beyond  sparking  distance.  This  was  of  course  doe 
simply  to  electro-static  induction,  and  shows  tbat  the  oscillatory  current 
in  C  C  was  Buper|>oscd  upon  the  ordinary  discharges.  The  electro-static 
action  could  be  got  rid  of  by  joining  the  micrometer  knobs  by  means  of  ■ 
a  damp  thread.  The  conductivity  of  this  thread  was  therefore  sufficient 
to  afford  a  passage  to  the  comparatively  slow  alternatioos  of  the  coil 
discharge,  but  was  not  sufficient  to  provide  a  passage  for  the  immeas- 
nreublymorerapidalternationsof  the  oscillatory  current.  Oonsiderable 
sparking  took  place  at  tbe  micrometer  when  its  distance  from  C  B  O 
was  1  or  2  meters,  and  faint  sparks  were  distinguishable  up  to  3  meters. 
At  these  distances  it  was  not  necessary  to  use  the  damp  thread  to  get 
rid  of  the  electro-static  action,  ns  owing  to  its  diraiuishing  more  rapidly 
witb  increase  of  distance  than  tbe  effect  of  the  current  inductiou,  it  was 
no  longer  able  to  proiiuce  sparks  in  tbe  micrometer,  as  was  proved  by 
separating  the  discbarger  knobi  beyond  speaking  distauce,  when  spai^s 
could  no  longer  l>e  perceived  at  the  micrometer. 

Resonance  phenomena. — In  order  to  determine  whether,  as  some  minor 
phenomena  had  led  the  author  to  suppose,  the  oscillations  were  of  the 
nature  of  a  regular  vibration,  be  availed  himself  of  the  principle  of  reso- 
nance. Accordiug  to  this  principle,  an  oscillatory  current  of  definite 
period  would,  other  conditions  being  the  same,  exert  a  much  greater  in- 
ductive effect  upon  oue  of  equal  period  than  upon  one  differing  even 
sligiitly  from  it.* 

If  then  two  circuits  are  taken,  having  as  nearly  as  possible  eqoal 
vibration  periods,  the  effect  of  one  upon  tbe  other  will  be  diminished  by 
altering  either  the  capacity  or  the  uo-efilcient  of  self-induction  of  one  of 
them,  as  a  change  in  either  of  tbem  woald  alter  tbe  period  of  vibration 
of  tbe  circuit. 

This  was  carried  out  by  means  of  an  arrangement  very  similar  to  that 
of  Fig.  4.  Tlie  conductor  C  t"  was  replaced  by  a  straight  copper  wire 
2.C  meters  in  leugtb  and  u  millimeters  iu  diameter,  divided  into  two  equal 
parts,  as  before,  by  a  discharger.    The  discharger  knobs  were  attached 


*  Sue  Oburbtick,  WiedeiuaiiD'a  Jnitaten,  ISli'i,  vol.] 
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diieotlf  to  the  secondar?  terminals  of  the  iDdnction  coil.  Two  bollov 
liDC  spberes,  30  ceiitimeters  in  diameter,  were  made  to  slideoo  tbe  wire, 
ooe  on  each  Bide  of  tbe  discharger,  and  siDce,  electrically  spealiiug, 
these  formed  tbe  terminals  of  tbe  conductor,  its  leugth  could  be  varied 
t»y  alteriog  their  position.  Tbe  micrometer  circuit  was  chosen  of  sucb 
liimeusions  as  to  have,  if  tbe  author's  bypotliesis  were  correct,  a  slightly 
iborter  ribiation  period  than  that  of  G  €'•  It  was  formed  of  a  square, 
with  sides  75  centimeters  in  length,  of  copper  wire  2  millimeters  in  di- 
ameter, and  it  was  placed  with  its  nearest  side  parallel  to  V  B  C,  and 
at  a  distance  of  30  centimeters  from  it.  The  sparking  distance  at  the 
uicrometer  was  then  fonnd  to  be  0.9  millimeter.  When  tbe  terminals 
of  the  micrometer  circait  were  placed  iu  con  tact  with  two  metal  spberes, 
S  centimeters  in  diameter,  supported  on  insulating  stands,  the  sparking 
distance  could  be  increased  ap  to  2.5  millimeters.  When  these  were  re* 
placed  by  much  larger  spberes  tbe  sparking  distance  was  diminished  to 
a  small  fraction  of  a  millimeter.  Similar  results  were  obtained  on  con- 
necting tbe  micrometer  terminals  with  tbe  plates  of  a  Koblrausch  coo- 
denser.  When  tbe  plates  were  far  apart  thu  increase  of  capacity 
inereased  the  sparking  distance,  but  wheu  tbe  plates  were  broughtcloae 
together -the  sparking  distances  again  fell  to  a  very  small  value. 

Tbe  simplest  method  of  adjugting  the  capacity  of  the  micrometer  cir- 
cuit is  to  suspend  to  its  ends  two  parallel  wires,  the  distance  and  lengths 
of  which  are  capable  of  variation.  By  this  means  the  author  succeeded 
[Q  increasing  the  sparking  distance  up  to  3  millimeters,  after  which  it 
diminished  when  the  wires  were  either  lengthened  or  shortened.  The 
decrease  of  tbe  sparking  distance  on  increivsing  the  capacity  was  natu- 
ral!} to  be  expected ;  but  it  would  be  difficult  to  understand,  except  on 
the  principle  of  resonance,  why  a  decrease  of  the  capacity  should  have 
the  same  effect. 

The  experiments  were  then  varied  by  diminishing  the  capacity  of  the 
drenit  0  B  C  so  as  to  shorten  its  period  of  oscillation,  and  the  results 
cooftrnied  those  previously  obtained,  aud  a  series  of  experimeuts  in  which 
tbe  lengths  aud  capacities  of  the  circuits  were  varied  in  different  ways 
abnwed  conclusively  that  tbe  maximum  effect  does  uot  deiiend  on  the 
eooditions  of  either  one  of  the  two  circuits,  but  on  tbe  existence  of  the 
proper  relation  between  them. 

When  the  two  cirauits  were  brought  very  close  together,  and  the  dis- 
charger knobs  separated  by  an  interval  of  7  millimeters,  sparks  were 
obtained  st  tbe  micrometer,  which  were  also  7  millimeters  in  length, 
vben  the  two  circuits  had  been  carefully  luljusted  to  have  the  same  pe- 
riod. The  induced  tlectro-motive  force*  must  io  this  ciise  have  attained 
Marly  as  high  a  value  as  the  inducing  ones. 

To  show  the  effect  of  varying  the  coefbcient  of  self-iud  notion,  a  series 
(rf  rectangles  abed  (Fig.  4),  were  taken,  having  a  constant  breadth 
o  h,  bot  a  length  a  e  continually  incruiising  from  10  centimeters  up  to 
260  centimeters ;  it  was  fonnd  that  tbe  maxironm  effect  was  obtained 
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with  a  lett^b  of  1.8  metere.  Tfae  quantitative  resaltB  of  these  esperi- 
menta  are  sbowti  in  Fig.  5,  ia  which  the  absvisSEe  of  the  curve  are  tlie 
doable  lengths  of  the  rectangles,  and  the  ordinates  represent  the  oorre- 
Hpondiiig  maximnm  sparking  distances.  The  sparking  distances  coald 
not  be  determined  with  great  exactness,  bnt  the  errors  were  not  saffi- 
cient  to  mask  the  general  nature  of  the  tesnlt-. 


■ 

.  JX-— 

Curve  showing  relation  between  length  of  aide  of  rectaDgle  (taken  as  abeciuajaBd 
maiimum  sparking  dtHtaoM  (takeii  aa  ordinate),  the  aides  cunaiatiDg  ofati^gbt 
wires  t>(  varying  lenglhs, 

In  a  second  series  of  experiments  the  sides  a  c  and  ft  d  were  formed  of 
loose  coils  of  wire  which  were  gradually  pulled  out,  and  the  result  is 
shown  in  Fig.  6.  It  will  be  seen  that  the  maximom  sparking  distance 
was  attained  for  a  somewhat  greater  length  of  side,  which  ie  explained 
by  the  fact  that  in  tlie  latter  experiments  the  self-induction  ouly  was 
increased  by  increase  of  length,  while  in  the  former  series  the  capacity 
was  increased  as  well.  Varying  the  resistance  of  the  micrometer  dr- 
cuit  by  using  copper  itnd  German  silver  wires  of  various  diameters  wad 
found  to  have  no  effect  uu  the  period  of  oscillation,  and  extremely  little 
oti  the  sparking  distance. 


/' 

\ 

^ 

V 

-> 

Cnrve  ahowlng  Telation  between  Ivngtli  of  side  of  rectangle  (taken  aa  abseisw) 
and  uiaximntB  aparkiug  distance  (taken  as  ordiiiate},  tbuiidea  conaistingaf  UftTti* 
gradually  drawn  not.  n,  i  ,rii,.C00^le 
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When  the  wire  cd  was  surrounded  by  an  iron  tnbe,  or  wLeii  it  was 
replaced  by  an  iron  wire,  do  perceptible  effect  was  obtaiued,  coufirm- 
ing  the  eoneluHloQ  previously  arrived  nt  that  tbe  magnetism  of  the  iron 
ia  unable  to  follow  sncli  rapid  osciltatioDB,  and  therefore  exerts  no  ap- 
preciable effect. 


Xodes. — Tbe  vibrations  in  tbe  micrometer  circuit  which  have  been  con- 
itidered  are  the  simplest  ones  possible,  but  not  the  only  cues.  While 
the  poteutial  at  the  euds  alternates  betweeu  two  fixed  limits,  that  at  the 
central  portion  of  the  circuit  retains  a  constant  mean  value.  The  elec- 
trical vibration  therefore  has  a  notle  at  tbe  center,  and  this  will  be  the 
only  Dodal  point.  Its  existence  may  be  proved  by  placing  a  small  insu- 
lated sphere  close  to  various  |>ortions  of  tbe  micrometer  circuit  while 
sparks  are  passing  at  the  discharger  of  the  coil,  when  it  will  be  fonud 
tbat  if  the  sphere  is  placed  close  to  the  center  of  the  circuit  the  spark- 
iDg  will  be  very  slight,  increasing  as  the  sphere  is  moved  farther  away. 
Tbe  B|>arking  cannot  however  be  entirely  got  rid  of,  and  there  is  a  bet- 
tw  way  of  determining  the  existence  and  position  of  the  node.  After 
adjoBting  the  two  circuits  to  unison,  and  drawing  the  micrometer  termi- 
oalg  BO  far  ai>art  that  sparks  can  only  be  made  to  pass  by  means  of 
resoaant  action,  let  different  parts  of  (he  circuit  be  touched  by  a  con- 
doctor  of  some  capacity,  when  it  will  be  found  that  the  sparks  disap- 
p«Br,owing  to  interference  with  the  resonant  action,  except  when  the 
pwot  of  contact  is  at  tbe  center  of  the  circuit.  The  anthor  then  en- 
ileavored  to  protluce  a  vibration  with  two  nodes,  and  for  this  purpose 


he  modified  the  apparatas  previously  used  by  adding  to  the  micrometer 
circuit  a  second  rectangle  e/g  h  exactly  similar  to  the  first  (as  shown 
iu  l-'ii;.  7),  and  joining  the  points  of  the  circuit  near  the  terminals  by 
wires  U  and  24,  as  shown  in  the  diagram.  di,iip(Jm,GoO<jIc 
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The  wLole  system  tbeo  formed  a  oloBed  metallic  circait,  tbe  foDila- 
meutal  vibratioii  of  wbich  would  bave  two  nodes.  Since  tbe  period  of 
tbis  vibration  would  necessarily  agree  closely  wttb  tbat  of  eacb  half  of 
tbe  circuit,  and  therefore  with  that  of  the  circuit  C  C,  it  was  to  be  ex- 
pected tbat  tbe  vibratiou  would  have  a  pair  of  loops  at  tbe  jauctious 
1  and  3,  and  2  aud  4,  and  a  pair  of  DO<les  at  the  middle  points  of  cd 
aud  g  h.  The  vibrations  were  determined  by  measnrin^^  the  sparking 
distance  betweeu  the  micrometer  terminals  1  and  2.  It  was  found  that — 
contrary  to  what  was  expected — the  addition  of  the  second  rectangle 
diminished  this  sparking  distance  from  about  3  millimeters  to  about  1 
millimeter.  The  existence  of  resonant  action  between  the  circuit  C  C  anil 
the  micrometer  circuit  was  however  fully  demonstrated,  for  any  altera- 
tion in  the  circuit  c/fffc,  whether  it  consisted  in  increasiug  or  in  decreax- 
'  ing  its  length,  diminished  the  spsrkiug  distance.  It  was  also  found  that 
much  weaker  sparking  took  place  betweeu  e  d  or  gk  and  an  iD8utate<1 
sphere,  than  between  aeorbf  aud  the  same  sphere,  showing  tbat  tlie 
nodes  were  in  c  d  and  g  h,  as  expected.  Further,  when  the  sphere  wai^ 
made  to  touch  cd  or  ^  A  it  had  no  effect  on  the  sparking  distance  of  I 
aud  2;  butu-lien  tbe  point  of  contact  was  at  anyotlier  portion  of  the  cir- 
cnittbe  sparking  distance  was  diminished,  showing  that  these  nodes  did 
really  belong  to  the  vibration,  tbe  resonant  action  of  which  increased 
tbis  sparking  distance. 

Tbe  wire  joining  the  points  2  and  4  was  then  removed.  Aa  the 
strength  of  the  induced  oscillatory  current  should  be  zero  at  these  points, 
the  removal  ought  not  to  disturb  the  vibrations,  and  this  was  shown 
experimentally  to  be  tbe  case,  the  resonant  efiecta  and  the  iwsition  of 
tbe  nodes  remaining  nncbanged.  The  vibration  with  two  nodal  points 
was  of  course  not  tbe  fundamental  vibration  of  tbe  circuit,  which  cou 
sisted  of  a  vibration  with  a  node  between  a  and  e,  and  for  which  tbe 
highest  values  of  tbe  potential  were  at  tbe  points  2  aud  4. 

When  tbe  spheres  forming  ihe  terminals  at  thesepoints  were  brought 
close  together,  slight  sparking  wns  found  to  take  place  between  tbeni, 
which  was  attributed  to  the  cxeitntioii,  though  only  to  a  small  extent, 
of  the  fundamental  vibration.  This  explanation  was  confirmed  in  the 
following  manner :  Tlie  sparks  between  1  aud  2  were  broken  ofi',  leaving 
only  the  sparks  between  3  and  4,  which  measureil  the  intensity  of  the 
fundamental  vibration.  The  t>eriod  of  vibratiou  of  the  circuit  (.'  C  was 
then  increased  by  drawing  itont  to  its  full  length,  and  thereby  incrciiti 
ing  its  capacity,  when  it  was  observed  that  the  sparking  gradually  in 
creased  to  a  maximum,  aud  then  began  to  diminish  again.  The  »i:i.\- 
imum  value  ninst  evidently  occur  when  tbe  period  of  vibration  of  Ilif 
circait  0  C"  is  the  same  as  tbat  of  the  fundamental  vibration  of  liio 
micrometer  circuit,  and  it  was  shown  that  when  the  sparking  ilisliuice 
between  2  and  4  bad  its  maximum  value,  the  sparks  correspond pil  lo  it 
vibration  with  only  one  nodal  point,  for  the  sparks  ceased  when  tlir  |<ii' 
viously  existing  nodes  were  touched  by  a  conductor,  and  tbe  only  iKiint 
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vbere  contact  coatd  take  place  without  efi'ect  ob  the  sparktu);  was  be- 
lireeii  a  and  e.  These  results  sbow  that  it  is  possible  to  excite  at  will 
in  tbesame  conductor  either  the  fuiiUameutal  tibration  or  its  firat  over- 
tone, to  use  the  language  of  acoustics. 

Hertz  appears  to  consider  it  very  doubtful  whether  it  will  be  i>ossible 
to  get  higher  overtouesof  electrical  vibration,  the  difficulty  of  obtaining 
guch  lyiug  not  only  in  the  method  of  obiiervation,  but  also  in  the  natnre 
ofthe  oscillaliona  themselves.  The  intensity  of  these  is  found  to  vary 
considerably  during  a  series  of  discharges  from  the  coil  even  when  all 
tbe  circnmstancea  are  maintained  as  constant  as  possible,  and  the  com- 
parative feebleness  of  tbe  resonant  effects  shows  that  there  must  be  a 
cDusiderable  amonnt  of  damping.  There  are  moreover  many  second- 
ary phenomena  which  seem  to  indicate  that  irregular  vibrations  are 
saperposed  npon  the  regular  ones,  as  would  be  expected  in  complex 
systems  of  coudnctors.  If  therefore  we  wish  to  compare  electrical  os- 
cillations (from  a  mathematical  point  of  view)  with  those  of  acoustics, 
ire  must  seet  onr  analogy  in  the  high  notes  intermixed  with  irregnlar 
vibrations,  obtained,,  say,  by  striking  a  wooden  rofl  with  a  hammer, 
ratiier  than  in  the  comparatively  slow  harmonic  vibration  of  tauing- 
ioAs  or  strings;  and  iu  the  case  of  vibrations  of  the  former  class  we 
have  to  be  contented,  even  in  the  study  of  acoustics,  with  little  more 
tban  indications  of  such  phenomena  as  resonance  and  nodal  points. 

Beferring  to  the  conditions  to  be  fulfilled  in  order  to  obtain  tbe  best 
results,  should  other  physicists  desire  to  repeat  the  experiments,  Dr. 
Hertz  notes  a  fact  of  very  considerable  interest  and  novelty,  namely, 
tbat  tbe  spark  fi-om  tbe  discharger  should  always  be  visible  from  the 
luiurometer,  as  when  this  was  not  the  case,  though  the  phenomena  oh- 
Hcrved  were  of  the  same  character,  the  sparking  distance  was  iuvaribly 
iliuiiiishecl. 

Theory  of  the  ejcperimtntt. — The  theories  of  electrical  oscillations 
vbii-li  have  been  developed  by  Sir  William  Thomson,  von  Helmholtz, 
and  KirchhoO',  have  been  shown*  to  hold  good  for  tbe  open-circuit  oscil- 
lations of  induction  apparatus,  as  well  as  for  the  oscillatory  Leyden-jar 
(liscbarge;  and  although  Dr.  Hertz  has  not  succeeded  in  obtaining  defi- 
nite quantitative  results  to  compare  with  theory,  it  is  of  interest  to 
ii«]uire  whether  the  observed  results  are  of  the  same  order  as  those  in- 
ilicated  by  theory. 

Bertz  considers,  iu  the  first  place,  the  vibration  period.  Ijet  T  be  the 
I>erioilof  asingle  or  half  vibration  proper  to  the  conductor  exciting  the 
micTometer  circuit;  P  its  coefficient  of  self-induction  in  absolute  elec- 
iro-inagnetic  measure  expressed  therefore  in  ceDtimeters;  0  tbe  capac- 
ity of  one  of  its  terminals  in  electro-static  measure,  and  therefore  also 
^pressed  in  centimeters;   and  v  tbe  velocity  of  light  in  centimeter- 


'  LotcdU,  WiedBDuinn'H  Annalen,  1H79,  vul.  i 
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Xhen,  if  the  resistaDce  of  the  conductor  is  small, 


_7ri/P  C 


In  the  case  of  tbe  rcRoimncc  experiments,  tbe  capacity  C  wasaitproz- 
imntely  the  radins  of  tbe  sphere  forniiug  tbe  termib^,  so  (bat  C=I5 
eentimetere.  The  co-efficietit  of  self-induction  was  that  of  a  wire  of 
lungth  1=150  centimeters,  mid  diameter  <f= j  centimeter. 

According  to  Neumanu's  formnia. 


.ff^a 


which  gives  iu  tlie  case  considered 

(^log^-f-0.75  W1902"" 


P=2/Ao 


As  however  it  iu  not  quitti  cerlain  tbHt  Nenmaun's  fonnala  is  ap- 
plicable to  an  open  circuit,  it  is  better  to  use  rou  Helmholtz's  more 
general  formula,  containing  nn  andetermined  constant  Jc,  according  to 
which 


I.=2i(log*'-0,75 +>='). 


Patting  (=1  tbts  reduces  to  Nenniann*s  formula;  for  k=0  it  reduces 
to  that  of  Maxwell ;  and  for  fc=  —  I  to  Weber's.  The  greatest  difiference 
in  tbe  values  of  P  obtained  by  giving  these  different  values  to  k  would 
not  exceed  a  sixtb  of  its  mean  value,  and  therefore  for  tbe  purposes  of 
tbe  present  approximation  it  is  enough  to  ussume  that  k  is  not  a  large 
IKtsitive  nrnegativenumber;  for  if  the  number  1902  does  not  give  the 
correctvalneof  the  co-eCBcient  for  tbe  wire  150  cm.  in  lengtb,  it  will  give 
tbe  value  corresponding  to  a  conductor  not  differing  greatly  from  it  in 
length. 

Taking  P=1902«'".,  we  bave  t  ^/CF=531"".,  which  represents  tie 
distance  traversed  by  light  during  the  oscillatioo,  or,  according  to  Max- 
well's theory,  tbe  length  of  au  electro-magnetic  tether  wave.  Tbe  value 
of  T  is  then  found  to  be  ( rinr.^A-u^rrif  u)  1  '^7  hundred  milliontbs  of  a  second, 
which  is  of  tbe  same  order  as  tbe  observed  xesnlta. 

The  ratio  of  damping  is  then  considered.  In  order  that  oscillations 
may  l>e  irassible  tbe  resistance  of  tbe  open  circnit  must  l>e  less  than 
2p  /^'  For  tbe  exciting  circuit  used  this  gives  076  ohms  as  tbe 
upi>er  limit  of  resistance.    If  the  actual  resistance  r  is  sensibly  below 

this  limit,  the  ratio  of  damping  will  be  e*^.    The  amplitude  will  there- 
fore be  reduced  in  the  ratio  1:2.71  in 
2P 


2  P    2 1-  /  P     076 


oscillations.     UofortUDately  we  have  no  means  of  determining  tbe  re- 
sistance of  the  air  space  traversed  by  the  spark,  but  as  the  resistance 
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of  a  strong  electric  arc  is  never  less  tbau  a  few  obms  we  sbali  be  justi- 
fied IQ  assuming  ibis  as  tbe  mitiiiaum  limit.  From  this  it  woald  follow 
that  tbe  Dumber  of  oscillations  due  to  a  single  impulse  must  be  reckoned 
ID  tens,  and  not  in  buudreds  or  tboasands,  whicb  is  in  accordance  with 
Ibe  cbaracter  of  tbeexperimeutal  results,  and  agrees  witb  tbe  results 
observed  in  tbe  case  of  the  oscillatory  Leyden-jar  discharge.  In  the 
case  of  closed  metallic  circuits,  on  tbe  other  baud,  theory  indicates  that 
Ibe  number  of  oscillations  before  equilibrium  is  attained  must  be  reck- 
ODed  by  thousands. 

Herts  compares  lastly  tbe  order  of  the  inductive  actions  of  these 
oscillations,  according  to  theory,  with  that  of  the  effects  actually  ob- 
Nened.  To  do  this  it  utast  be  noted  that  the  maximum  electromotive 
fom  induced  by  the  oscillation  in  its  own  circuit  is  approximately 
eqnal  to  the  masimum  potential  difference  at  its  extremities ;  for  if 
ibere  were  no  damping,  these  quanities  would  be  identical,  since  at 
any  moment  tbe  i>otential  difference  at  the  extremities  and  tbe  E.  H. 
f.of  iodaction  would  be  in  equilibrium.  In  the  experiments  under 
coDsideration  the  potential  difference  at  the  extremities  was  sucb  as  to 
give  a  spark  7  to  8""°.  in  length,  whicb  most  therefore  represent  the 
maiimum  inductive  action  existed  in  its  own  circuit  by  the  oscillation. 
Aptin,  at  any  instant  tbe  induced  E.  M.  F.  in  the  micrometer  circuit 
most  be  to  that  in  the  exciting  conductor  in  the  same  ratio  as  that  of 
the  en-efficient  of  mutual  induction  p  of  the  two  circuits  to  the  eo-effl- 
cient  of  self-induction  P  of  the  exciting  circuit  Tbe  ratue  of  p  for  the 
case  considered  is  easily  calculated  from  tbe  ordinary  formulie,  and  it  is 
foDnil  to  lie  between  one-niutb  and  one-twelfth  of  P.  This  would  only 
give  sparks  of  from  ^  to  ^'"'".  in  length,  so  that  according  to  theory 
viailile  sparks  ought  in  any  case  to  be  obtained ;  but,  on  the  other  hand. 
Hliarks  several  millimeters  in  length,  as  were  obtained  in  the  ex  peri- 
Dients  previously  described,  can  only  be  explained  on  the  assumption 
tliat  the  successive  iuductive  actions  produce  an  accumulative  effect ; 
to  that  theory  indicates  the  necessity  of  tbe  existence  of  the  resonant 
effects  actually  observed. 


Dr.  Hertz  was  at  first  inclined  to  suppose  that  as  tbe  micrometer  cir- 
cuit was  only  broken  by  tbe  extremely  short  air  space  limited  by  the 
maximum  sparking  distance  under  the  conditions  of  the  experiment,  it 
might  therefore  be  treated  as  a  closed  circuit,  and  only  the  total  indue- 
tJOB  uoDsidered.  Tbe  ordinary  methods  of  electro-dynamics  give  tbe 
means  of  completely  determining  the  total  inductive  effect  of  a  current 
element  on  a  closed  circuit,  and  would  therefore  in  this  case  have 
sufficed  for  the  investigation  of  the  phenomena  observed.  He  found 
however  that  tbe  treatment  of  the  micrometer  circuit  as  a  closed  cirouit 
IhI  to  incorrect  results,  so  that  it,  as  well  as  the  primary,  had  to  be 
treated  as  an  o[>en  circuit,  and  therefore  a  ttnowledge  of  the  total  indac- 
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tioD  was  insaflacient,  aod  it  became  necessary  to  consider  the  valae  boUi 
of  the  B.  H.  p.  iiidaction  and  of  the  electro-statio  e.  vl  f.  dne  to  the 
charged  extremeties  of  the  exciting  circoit  at  each  point  of  the  mioioiD- 
eter  circuit. 

The  investigations  to  which  these  coDsideralions  led  are  described  by 
Dr.  Hertz  in  a  paper  "  On  tlie  Action  of  a  Uectiliuear  Electrical  Oscil- 
lation upon  a  Circuit  in  its  Yiciuity,"  published  in  Wiedemann's  AnmUm, 
1888,  vol.  xxxiv,  page  155. 

lu  what  follows,  the  excitingcircuit  will bespokenof  as  the  primaiy, 
and  the  micrometer  circait  as  the  secondary.  Hertz  points  out  that  the 
reason  that  tlie  electro-static  effect  can  not  be  neglected  is  to  be  fonnd 
in  the  extreme  rapidity  with  which  the  electro-static  forces  change  their 
sign.  If  the  electro-static  alternations  in  the  primary  were  compara- 
tively slow  they  might  attain  a  very  high  intensity  without  giviog  rise 
to  a  sjtark  in  the  secondary,  since  the  electro-static  distribntion  on  the 
secondary  would  vary  so  as  to  remain  in  eguilibrinm  with  the  ext^nal 
E.  H.  F.  This  however  is  impossible,  because  the  variations  in  direc- 
tion follow  each  other  too  rapidly  for  the  distribntion  to  follow  them. 

Ill  the  presentinvestigations  the  primary  circuit  consisted  of  a  straight 
copper  wire  5  millimeters  in  diameter,  carrying  at  its  extremeties  hollow 
zinc  spheres  30  centimeters  in  diameter.  The  centers  of  the  spheres 
were  1  meter  apart,  and  at  the  middle  of  the  wire  was  an  air  space  three- 
fourths  centimeter  in  length.  The  wire  was  placed  in  a  horizontal  posi- 
tion, aud  the  observHtiona  were  all  made  at  points  ncartotbehorisootal 
plane  through  it,  which  however  did  not  of  course  affect  their  gen- 
erality, as  the  same  effects  would  necessarily  be  produced  in  any  plane 
through  the  horizontal  wire.  Thesecondarycircnitconsietedof  acircle 
of  35  centimeters  radius,  of  copper  wire  3  millimeters  in  diameter,  the 
circle  being  broken  by  uu  air  space  capable  of  variation  by  means  of  a 
micrometer  screw. 

The  circular  form  was  selected  for  the  secondary  circuit  becaase 
the  former  iuveHtigations  hwl  shown  that  the  sparking  distance  was 
not  the  same  at  all  points  of  the  secondary,  even  when  the  ood- 
dnctor  as  a  whole  remained  unchanged  in  position,  and  with  a  circolar 
circuit  it  was  easier  to  bring  the  air  space  to  any  part  than  if  any  ot^er 
form  had  been  used.  To  attain  this  object  thecirclewasmade  movable 
about  an  axis  passing  through  its  center  perpendicular  to  its  plane. 

The  circuits  of  the  dimensions  stated  were  very  nearly  in  unison,  and 
they  were  further  adjusted  by  means  of  little  strips  of  metal  soldered  to 
the  extremities,  and  varied  in  length  until  the  maximum  sparking  dist- 
ance was  obtained. 

We  shall  follow  Dr.  Hertz  in  first  considering  the  subject  theoretic- 
ally, and  thbn  examining  how  far  the  experimental  results  are  in  accocd- 
ance  with  the  theoretical  conclusions.'  It  will  be  assumed  that  the  s. 
M.  p.  at  every  point  is  a  simple  harmonic  function  of  the  time,  but  that 
it  does  not  andergo  reversal  in  direction,  and  it  wilt  further  besssamed 
n,5,t,7i.-jt,.C00<^le 
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that  the  oBcillatioiiB  are  »t  any  given  moment  everywhere  in  tlie  same 
phase.  Tbis  will  certainly  bo  the  case  in  the  immediate  neigliborhood 
of  the  primary,  and  for  the  present  ve  Bhnll  confine  oiir. attention  to  snch 
tMJtitH.  Let «  be  the  distance  or  a  point,  mensnred  along  tlic  circuit  from 
Ibe  air  space  of  the  secondary,  and  F  the  coinponent  E.  M.  v.  at  that 
lioint  atoog  the  circolar  arc  d  s.  Then  F  is  a  fnnctioii  of  «,  whicli 
astamesits  original  value  aft^r  parsing  once  round  the  circle  of  cireiim- 
ference  S.    It  may  therefore  be  expanded  in  the  form 

F=A+B  cos   g   + +B'BJn^^+ 

The  higher  terms  of  the  series  may  l)e  neglected,  as  the  only  result  of 
M  doing  will  be  that  the  approximate  theory  will  give  an  absolute  dis- 
appearance of  sparks  where  Fe<)11y  the  disappearance  is  not  quite  com- 
plete, and  indeed  the  experimentit  are  not  delicate  enough  to  enable  us 
10  compare  thetr  results  with  theory  beyond  a  first  approximutiou. 

The  force  A  acts  in  tho  same  direction,  and  is  of  coi\,stant  amount  at 
all  points  of  the  circle,  and  therefore  itmustbe  independent  of  the  elec- 
tn^atatic  E.  M.  P.,  as  the  integral  of  the  latter  round  the  circle  is  zero. 
A,  then,  represents  the  total  B.  m.  f.  of  induction,  which  is  measured 
bj  tlie  rate  of  variation  of  tbe  number  of  magnetic  lines  of  force  winch 
piua  through  the  circle.  If  the  electro- magnetic  field  containing  Ibe 
cifde  is  assumed  to  be  uniform,  A  will  therefore  bo  proportional  to  tlie 
compoDent  of  tbe  magnetic  induction  perpendicular  to  the  plane  of  tite 
secondary.  It  will  therefore  vanish  when  the  direction  of  tlie  mag- 
netic induction  lies  in  tbe  plane  of  the  secondary.  A  will  consist  of  an 
oscillation,  the  intensity  of  which  is  independent  of  the  position  of  the 
airspace  in  the  circle,  and  the  corresponding  sparliing  distance  will  be 
calico. 

The  term  B'  sin  -  a  can  have  no  effect  in  exciting  tho  fundamental 
Fibration  of  tbe  secondary,  since  it  is  symmetrical  ou  opposite  sides  of 
(be  air  space. 

The  term  B  cos  — ~  -  will  give  force  acting  in  tbe  same  direction  in 
the  tiro  quadrants  opposed  to  the  air  space,  and  will  excite  tbe  funda- 
mental vibration.  In  the  two  quadrants  adjacent  to  the  air  space  it 
"ill  give  a  force  in  the  opposite  direction,  but  its  efl'ect  will  be  less  than 
tbatofihe  former  one.  For  the  current  is  zero  at  the  extremities  of 
tbe  circuit,  and  therefore  the  electricity  can  not  move  so  freely  n.t  near 
Ihe  center.  This  corresponds  to  the  fact,  that  if  a  string  fjisiened  at 
fachend  has  its  central  portion  and  ends  acte<l  on  respectively  by 
>^>pwitely  directed  forces,  its  motion  will  be  that  due  to  the  force  at 
'hecentral  portion,  which  will  excite  tho  fundamental  vibration  if  its 
tMillatious  are  in  unison  with  the  latter.  The  intensity  of  the  vibra- 
^  will  be  proportional  to  B.  Let  E  be  the  total  e,  m.  p.  in  the  uni- 
fi>nn  field  of  the  secondary,  (p  the  angle  between  its  direction  .ind  tho 
.  plane  of  tbe  latter,  and  8  tho  angle  which  its  projection  on  this  plana 
H.  Mis.  324^—11  v.uuyiL 
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makes  with  the  radios  drawu  to  the  air  apace.    Tbeo  we  shall  have, 
approximately, 

F=E  cos  «> sin  ('?-li.-ff) 
au(]  therefore  B=  — E  cos  <p  sin  6 

B,  therefore,  is  a  fanetion  simply  of  the  total  E.  M.  F.  due  both  to  the 
electro  static  and  electro-dynamic  actions.  It  will  vanish  when  ip  =  90°— 
that  is  to  say,  when  the  total  E.  m.  f.  ia  perpendicalar  to  the  plane  of  the 
circle,  whatever  be  the  position  of  the  air  space  on  the  circle.  B  will 
also  vaoish  when  ^  =  0,  —  that  is  to  say,  when  the  prpjectioa  of  the  e.  m. 
p.  on  the  plane  of  the  circle  coincides  with  the  radins  through  the  air 
Bi>ace.  If  the  position  of  the  air  space  on  the  circle  ie  varied,  the  angle 
B  will  vary,  and  therefore  also  the  intensity  of  the  vibration  and  the 
sparking  4li8taiice.  The  siiarkiug  distance  corresponding  to  the  sec- 
ond term  of  the  expansion  for  F  can  therefore  be  represented  approxi- 
mately by  a  formula  of  the  form  fi  sin  ff. 

Now  the  oscillations  giving  rise  to  sparks  of  lengths  a  and  ;9  sin  ^  re- 
8|>ective]y  are  in  the  same  phase.  The  resnlting  oscillations  will  there 
fore  be  in  the  same  phase,  and  their  amplitudes  must  be  added  together. 
The  sparking  distance  being  approximately  proportional  to  the  maxi- 
mum total  amplitude,  may  therefore  also  be  obtained  by  adding  the 
sparking  distauces  due  to  the  two  oscillatious  respectively.  The  spark- 
ing distance  will  therefore  he  given  as  a  function  of  the  position  of  the 
air  space  on  the  secondary  circuit  by  the  expression  a+fi  sin  9.  Since 
the  direction  of  the  oscillation  in  the  air  space  does  not  eome  into  con- 
sideration we  are  concerned  ouly  with  the  absolute  value  of  this  ex- 
pression, and  Dot  withitsigu.  The  determination  of  theabeolntevalnes 
of  the  quantities  a  and  /?  would  involve  elaborate  theoretical  inveatiga- 
tious,  and  is  moreover  unauceasary  for  the  explanation  of  the  experi- 
mental results. 

Experimenta  with  the  secondary  etreuit  in  a  vertical  plane.— When  the 
circle  forming  the  secondary  circuit  was  placed  with  its  plane  ver- 
tical, anywhere  in  the  neighborhood  of  the  primary,  the  following  re- 
sults were  obtained ; 

The  sparks  disappeared  for  two  positions  of  the  air  space,  separated 
by  1S0<^,  namely,  those  in  which  it  lay  in  the  horizontal  plane  through 
the  primary  J  but  in  every  other  [wsition  sparks  of  greater  or  less  length 
were  observed. 

From  this  it  followed  that  the  value  of  a  must  have  been  constantly 
zero,  aod  that  fi  was  zero  when  the  air  space  was  in  the  horizontal  plane 
through  the  primary. 

The  electromagnetic  lines  of  force  must  therefore  have  been  perpen- 
dicular to  this  horizontal  plane,  and  therefore  consisted  of  circles  with 
their  centers  ou  the  primary,  while  the  electro-statie  lines  offeree  must 
have  been  entirely  iu  the  horizontal  plane,  and  therefore  this  system  of 
lines  of  force  consisted  of  curves  lying  in  planea  p.a88ing  through  the 
primary.    Both  of  these  results  are  iu  agreement  with  theory. 
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Wbeo  the  air  space  was  at  its  greatest  distance  from  the  plane  the 
gparkiDg  distance  attained  amasimam  value  of  ft'om  2  to  3  mitlimetera. 
rbesparksweresbowutobedne  to  thefandamental  vibration,  by  slightly 
TUyJDg  the  secondary,  so  as  to  throw  it  out  of  unison  with  the  primary, 
when  the  sparking  distance  was  diminished,  which  would  not  have  been 
the  case  if  the  sparks  bad  been  dne  to  overtones.  Moreover,  tbe  sparks 
disappeu^d  when  tbe  secondary  was  cat  at  its  points  of  intersection 
iritli  the  horizontal  plane  through  the  primary,  though  these  would  be 
Dodal  points  for  tbe  first  overtone. 

When  the  air  apace  was  kept  at  ita  greatest  possible  distance  from 
the  horizontal  plane  tfarongh  the  primary,  and  tnrned  about  a  vertical 
ujg,  the  sparking  distance  attained  two  maximaat  the  points  for  which 
^0,  and  almost  disappeared  at  the  points  for  which  ^=90^. 


The  lower  half  of  Fig.  8  shows  the  different  positions  of  minimnm 
■piAiDg.  A  A'  is  tbe  primary  condactor,  and  the  lines  m  n  represent 
the  projections  of  the  secondary  circuit  on  the  horizontal  plane.  The 
arnivB  perpendicular  to  these  give  the  direction  of  the  resultant  lines 
of  furce.  As  this  did  not  anywhere  vanish  iu  passing  from  the  sphere 
A  to  the  sphere  A',  it  could  not  change  its  sign. 

The  diagram  brings  out  the  two  following  points : 

(1)  The  diatribntion  of  the  resultant  e.  h.  f.  in  the  vicinity  of  the 
netilinear  \-ibration  is  very  similar  to  that  of  the  electro-static  E.  h.  f. 
dee  to  the  action  of  its  two  extremities.  It  should  be  specially  noted 
that  near  the  center  of  the  primary  the  direction  is  that  of  tiie  eleotro- 
MaticB.  M.  F.,  showing  that  it  is  more  powerful  than  the  electro-dynamic, 
aB  required  by  theory. 

(2)  The  lines  of  force  deviate  more  rapidly  from  the  line  A  A'  than 
(he  dectro-Btatic  lines, though  this  is  not  soevident  on  the  reduced  scale 
of  tbediftgram  as  in  the  author's  original  drawings  on  a  much  larger 
wale. 

It  is  dne  to  tbe  components  of  tbe  electro-static  E.  M.  F.  parallel  to 
-li'  being  weakened  by  tbe  E.  m.  f.  of  ihdnction,  while  the  I'lerpendic- 
nlar  components  remained  unaffected. 
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Experimmta  with  the  sccondarff  circuit  in  a  korisoiUal  plaHe. — Ibe  re- 
sults obtained  when  the  plane  of  tlie  secoudaty  was  Lorizontal  caa  beat 
be  explained  by  refereuue  to  tbo  upiier  half  of  tliu  diagraui  in  Fig.  8. 

In  tbe  i>osition  J,  witb  the  center  of  tbe  circle  in  tlio  lino  A  A'  pro- 
duced, the  sparks  disapiieared  when  tbe  air  space  (Occupied  eitber  of  tbe 
b,  or  b',,  wbile  two  equal  maxima  of  the  sparking  distance  were  obtained 
lit  A)  and  a'l,  tbe  length  of  the  spark  in  these  positions  being  2.5  milli- 
nieter».    Both  these  results  are  in  accordance  witb  theory. 

In  ]>o8ition  II  tbe  circle  is  cut  by  the  electro-maguetic  lines  of  force, 
and  therefore  a  does  not  vanish.  It  will  bowerer  be  email,  and  we 
should  expect  that  tbe  expression  a+j8  sin  6  would  have  two  oneqnal 
maxinift  fi+a  and  fi—a,  both  for  ^=90°,  and  having  tbe  line  joining 
them  perpendicular  to  tbe  resultant  e.  h.  p.,  and  between  these  two 
maxima  we  should  expect  two  jHtiuts  of  no  sparking  near  to  tbe  smaller 
maximum.    This  was  couflrmed  by  the  observations. 

The  maximum  sparking  distances  were  3.6  millimeters  stdj  and  2 
millimeters  ata'j.  Kow  with  tbe  air  space  at  a,, — the  sphere  A  being 
positive, — tbe  resultant  E.  u.  F.  in  the  opposite  portion  of  the  circle  will 
repel  positive  electricity  from  A,  and  therefore  tend  to  make  it  flow 
round  the  circle  clockwise.  Between  the  two  spheres  tbe  electro-static 
E.  H.  p.  acts  from  A  towards  A',  and  tbe  opposite  e.  m.  p.  of  indnctioD 
in  the  neighborhood  of  the  primary  acts  from  A'  to  A,  parallel  to 
to  tbe  former,  and  acting  more  strongly  on  tbe  nearer  than  on  the 
further  portion  of  the  secondary,  tends  to  cause  a  current  in  the 
same  direction  as  that  due  to  tbe  former,  namely,  in  a  clockwise  direc- 
tion. Thus  the  resultant  B.  h.  f.  is  the  sum  of  tbe  two  as  required 
by  theory,  audin  the  same  way  it  is  easily  seen  that  when  the  air  space 
is  ac  a'l,  the  resultant  K.  m.  f.  is  equal  to  tbeir  difference. 

As  the  position  III  is  gradually  approached,  the  maximum  disap- 
I>ear8,  and  tbe  single  maximum  sparking  distance  Oj  was  found  to  be  i 
millimeters  in  length,  having  opposite  to  it  a  point  of  disappearance  a'^ 
In  this  case  clearly  a=p,  and  the  sparking  distance  is  given  by  tbe 
expression  a  (I+sin  &).  The  line  a^a'^  is  again  jierpendicniar  to  tbe 
resultant  e.  h.  f. 

As  tbe  circle  approaches  further  towards  the  centerof  A^',a  will  be- 
come greater  than  /?,  and  tbe  expression  a-^fi  sin  d  will  not  vanish 
for  any  value  of  f),  but  will  have  a  maximum  a+^  and  a  minimnm 
a—/3,  and  in  the  experiments  it  was  found  that  the  sparksnever  entirely 
disappeared,  but  varied  between  a  maximum  and  a  minimum,  as  iodi- 
cated  by  theory. 

In  tbe  position  IF  a  maximum  sparking  distance  of  5.5  millimeters 
was  observed  at  at  and  aminimum  of  1.5  millimeter  at  a',. 

In  tbe  position  Ftbere  was  a  maximum  sparking  distance  of  6  millim- 
eters at  as  and  a  minimnm  of  3.5  millimeters  at  a'j.  In  these  experi- 
ments the  air  space  should  be.  screened  off  from  the  primary  in  the 
latU^r  positions  as  well  iis  in  the  earlier  ones,  in  which  it  is  unavoidable, 
as  otherwise  the  results  would  not  be  comparable.      ^  iiKV^Ic 
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In  pa«((iiig  from  the  {wsitioo  III  to  tlie  pomitioii  r  lUe  liae  a  a' 
rapidly  turned  ^om  Uh  position  of  parullelism  to  tlio  primary  vircuit 
into  a  t>08itioa  perpendicular  to  it..  In  tbe  latter  positioiia  the  sparking 
waseesentialiy  due  to  tite  iodactive  action,  and  therefore  the  author 
was  justified,  iu  his  former  experiments,  in  aaauming  the  effect  in  these 
pontions  to  be  dae  to  iuductiou. 

Even  in  these  positions  however,  the  sparking  is  not  totally  inde- 
pendent of  electro-static  action,  except  when  the  air  space  is  half  way 
iMtween  the  maximam  and  minimum  positions,  and  therefore  /3  sin  0=0. 


Other  positUmt  of  the  secondary  circuit. — Dr.  Hertz  made  numerous 
obaerrations  with  tbe  secondary-  circuit  in  other  positions,  but  in  do 
case  were  any  phenomena  observed  which  were  not  completely  in  ac- 
cordance with  theory.  As  an  example  of  these  consider  the  following 
experiment : 

The  secondary  was  first  placed  in  the  horizontal  plane  in  the  [wsitfon 
F(Pig.  8),  and  the  air  space  was  iu  the  position  as  relatively  to  the 
primary.  The  circle  was  then  turned  about  a  horizontal  axis  through 
Its  center  and  parallel  to  the  primary,  so  as  to  raise  the  air  space  above 
tbe  horizontal  plane.  During  this  rotation  6  remained  equal  to  9<P, 
and  the  value  of  fi  remained  nearly  constant,  but  a  varied  approxi- 
mately In  the  same  ratio  as  cos  V,  W  being  the  angle  between  the  plane 
of  the  circle  and  the  horizontal,  for  a  is  proportional  to  tbe  number  of 
magnetic  lines  of  force  passing  through  tbe  circle.  Let  Og  be  the  value 
of  a  in  the  initial  position,  then  iu  the  other  positions  its  valne  would 
be  d^  cos  V^,  and  therefore  the  sparking  distance  should  be  given  by 
the  espressiou  a^  cos  V  +  /?,  in  which  a„  was  known  to  be  greater  than 
p.  This  vas  confirmed  by  observation,  for  it  was  found  that  as  the  air 
space  increased  itsbei^bt  above  tbe  borizoutal  plane  tbe  sparking  dis- 
tance diminished  from  6  millimeters  down  to  2  millimeters,  its  value  when 
the  air  space  was  at  its  greatest  distance  above  the  horizontal  plane. 
Daring  the  rotation  through  the  next  quadrant  the  sparking  distance 
diminished  almost  to  zero,  and  then  increased  to  tbe  smaller  maximnm 
of  2.3  millimeters,  which  it  attained  when  the  circle  had  turned  though 
180°,  and  was  therefore  again  horizontal.  Similar  results  were  obtained 
in  the  opposite  order,  as  tbe  circle  was  rotated  from  180'^  to  30(P.  When 
the  circle  was  kept  with  the  air  space  at  its  maximnm  height  above  the 
horizontal  plane,  and  then,  raised  or  lowered  bodily  without  rotation, 
the  sparking  distance  was  found  to  diminish  in  tbe  former  case  and  to 
increase  in  the  latter,  results  completely  in  accordance  with  theory. 

forces  at  greater  dittances. — Experiments  with  the  secondary  at 
greater  distances  from  the  primary  are  of  great  importance,  aa  the  dis- 
tribntion  of  e.  m.  p.  in  tbe  Sold  of  an  open  circuit  is  very  different  ac- 
wrfling  to  different  theories  of  electro-dynamic  action,  and  the  results 
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may  tb»rerore  serve  to  elimitiate  some  of  them  as  anteoable.  In  mak- 
ing these  ex|)erimeiit8  however,  aa  iiuexpected  diffioi^ty  was  enooun- 
tered,  as  it  was  found  that  at  distances  of  from  1  to  1^  meters  fh>m  the 
primary  the  maximDm  and  mioimnm,  except  in  oertaio  positions,  be- 
came indislinotly  defined ;  but  when  the  distance  was  increased  to  np- 
wardsof  2  meters,  though  the  sparks  were  then  very  small,  the  maximom 
and  minimum  were  fooud  to  be  very  sharply  marked  when  the  apai^s 
were  observed  io  the  dark.  The  positions  of  maximom  aud  minimnm 
werefonnd  to  occur  with  the  circle  in  planes  at  right  angles  to  each 
other.  At  considerable  distancea  tfae  sparking  dimiaished  very  siovly 
as  the  distance  was  increased.  Dr.  Hertz  was  not  able  to  determine  an 
upper  limit  to  the  distance  at  which  sensible  eSects  took  place,  bat  in 
a  room  14  meters  by  12,  sparks  were  distinctly  observed  when  ihe  pri- 
mary was  placed  in  one  corner  of  the  room,  wherever  the  secondary 
was  placed.  When  however  the  primary  was  slightly  displaced,  no 
effects  conld  be  observed,  even  when  the  secondary  was  bronght  oon- 
Biderably  nearer.  The  interposition  of  solid  screens  between  the  two 
circuits  greatly  diminished  the  effect. 

Dr.  Hertz  mapped  ont  the  distribution  of  force  tbrongbont  the  room 
by  means  of  chalk  liues  on  the  floor,  putting  stars  at  the  points  where 
thedirectionof  the  E.M.  p.  became  indeterminate.  A^wrtion  of  the  dia- 
gram obtained  iu  this  manner  is  shown  on  a  reduced  scale  in  Fig.  9, 
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with  respect  to  which  the  following  points  are  note- worthy: 

1.  At  distances  beyond  3  meters  the  E.  h.  p.  is  everywhere  parallel 
to  the  primary  oscillation.  Within  this  region,  therefore,  the  electro- 
static B.  H.  p.  is  negligible  iu  comparisou  with  the  E.  h.  p.  of  induction. 
Now  all  the  theories  of  the  mutual  action  of  current  elements  agree  in  ' 
giving  an  E.  H.  p.  of  induction  inversely  proportional  to  the  distance, 
while  the  electro-static  e.  h.  p.,  being  due  to  the  diGTereutsal  action  of 
the  two  extremities  of  the  primary,  is  approximately  inversely  propor- 
tional to  the  cube  of  the  distance.  Some  of  these  theories  however 
are  not  in  accordance  with  the  experimental  result  that  the  effect  dimin- 
ishes much  more  rapidly  in  the  direction  of  the  primary  oscillation  than 
in  a  direction  at  right  angles  to  it,  induced  sparks  being  observed  at  a 
distance  exceeding  12  meters  in  the  latter  direction,  while  they  disap- 
peared at  a  distance  of  about  4  meters  in  the  former  direction. 
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2.  For  distances  less  than  1  meter  (as  already  proved),  tbe  distribu- 
tion of  B.  H.  p.  is  practically  that  of  tbe  electro-static  E.  M.  F. 

3.  There  are  two  straight  tiaes,  at  all  points  of  which  the  direction  of 
the  B.  M.  P.  is  determioate,  namely,  the  line  in  wbich  tbe  primary  oscil- 
lation takes  place,  and  the  perpendicalar  to  the  primary  through  its 
middle  point.  Along  tbe  latter  the  E.  M.  p.  does  not  vanish  at  any  point, 
tl>e  sparking  diminishes  gradually  as  tbe  distauce  is  increased.  This 
■gain  is  incousistent  with  some  of  the  theories  of  mutual  notion  of  cur- 
reDt  elements,  according  to  which  it  should  vanish  nt  a  certain  definite 
distance.  A  very  important  rennlt  of  the  investigation  is  the  demon- 
stration of  the  existence  of  regions  within  which  the  direction  of  the 
S.  H.  p.  becomes  indeterminate.  These  regions  form  two  rings  encir- 
diog  the  primary  circuit.  Since  the  B.  M,  P.  within  them  acts  very 
nearly  equally  in  every  direction,  it  mast  assume  different  directions  in 
BDccession,  for  of  coarse  it  can  not  act  in  different  directions  simnlta- 
neoasly. 

The  observations  therefore  lead  to  the  ooQClnsion  that  within  these 
r^ns  tbe  magnitade  of  the  B.  H.  p.  remaios  very  nearly  constant, 
wbile  its  direction  varies  throagh  all  tbe  points  of  the  compass  at  each 
OMillation.  Dr.  Hertz  states  that  be  has  been  unable  to  explain  this 
Ksnlt,  aa  also  the  eziatenee  of  overtones,  by  means  of  the  simplified 
tteory  in  which  tbe  higher  terms  of  the  expansion  of  F  are  neglected, 
and  he  considers  that  no  theory  of  simple  action  at  a  distance  is  capa- 
ble of  explaining  it.  If  however  the  electro-static  b.  m.  f.  and  tbe 
LiLP.of  induction  are  propagate<l  through  space  with  nnequal  veloc- 
ities it  admits  of  very  simple  explanation ;  for  within  these  annular 
ngious  the  two  E.  h.  p.'g  are  at  right  angles  and  of  tbe  same  order  of 
magnitude;  they  will  therefore  in  conseqnence  of  tbe  distance  trav- 
ened,  differ  in  phase,  and  the  direction  of  the  resultant  will  tnru 
through  all  tbe  points  of  the  oompass  at  each  oscillation. 

This  phenomenon  appears  to  bim  to  be  the  first  indication  which  has 
bem  observed  of  a  finite  rate  of  propagation  throagh  space  of  electrical 
actions,  for  if  there  is  a  difference  in  the  rate  of  propagation  of  the  elec- 
tro-static and  electro-dynamic  E.  H.  p.  one  at  least  of  them  must  be 
finite. 

At  the  end  of  the  paper  in  which  the  preceding  experiments  are  de- 
Kribed  Dr.  Hertz  describes  some  observations  which  he  has  made  ou 
tbe  conditions  at  the  primary  sparking  point  which  affect  the  produc- 
tion of  sparks  in  tbe  secondary  circnit.  He  finds  that  illnminating  tbe 
primuy  spark  diminishes  its  i>ower  of  exciting  rapid  oscillations,  tbe 
■puks  in  the  secondary  being  observed  to  cease  when  a  piece  of  mng- 
uaiDm  wire  was  burnt,  or  an  arc  lamp  lighted,  near  the  primary  spark- 
ing pcHut.  The  observed  effeet  on  the  primary  sparks  is  that  they  are 
no  longer  accompanied  by  a  sharp  crackling  sonnd  as  before.  Tbe  effect 
of  a  Kccmd  discharge  is  especially  noteworthy,  and  it  was  found  that  tbe 
woondary  sparks  coold  be  made  to  disappear  by  bringing  an  iasulated 
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cmidactor  close  to  tlie  opposed  surfaces  of  tbe  spheres  forming  the  ter- 
luitiiils  at  tlie  pritniiry  air  8pac«,  even  wheu  no  visible  nparbiug  took 
place  between  the  latter  aud  the  iosalat^  condactor.  The  secoudary 
spiirkiiig  could  also  be  stopped  by  placiug  a  flue  poiut  close  to  tbe  pri- 
mary air  Kpace,  or  by  tonebing  oue  of  the  opposed  sui-faces  of  the  ter- 
miiiala  with  a  piece  of  sealing-wax,  glass,  or  mica.  Ur.  Hertz  states 
that  farther  experiments  have  led  him  to  conclade  tbat  even  in  these 
cases  the  effect  is  due  to  light  too  feeble  to  be  perceived  by  the  eye, 
arisiug  from  a  side  discharge.  He  points  out  that  these  effects  afi'onl 
another  example  of  the  effects  of  light  ou  electric  discharges,  which 
have  been  observed  by  E.  Wiedemanu,  H.  Ebeit,  and  W.  Hallwacbs. 


Dr.  Hertz's  next  paper  iu  order  of  pnblioatioh  in  Wiedemann^  Anna- 
len,  "Ou  Some  luductiou  Phenomena  Arising  from  Electrical  Actions  ijj 
Dielectrics"  (Wiedemasu's  Annaien,  1888,  vol.  xxsiv.,  p.  27.1),  coutaiiiM 
an  account  of  some  researches  undertaken  with  a  vieyr  of  obtaining  dire<-l 
exiierimental  confirmation  of  tbe  assumption  involved  iu  the  most  sug- 
gestive theory  of  electrical  actions,  viz,  that  of  Faraday  and  Maxwell, 
that  tbe  well-known  electro-static  phenomena  observed  in  dielectrics  are 
accompanied  by  corresponding  eleclro-dynamic  actions.  The  method 
of  observation  consisted  iu  placing  a  secondary  conductor  a(^nBted  to 
nnison,  as  regards  electrical  oscillations,  with  the  primary,  as  near  as 
possible  to  the  former,  and  in  such  a  relative  position  that  the  spariu 
In  tbe  primary  produced  no  sparking  in  the  secondaiy.  As  tbe  equilib- 
rium could  be  disturbed  and  sparking  induced  in  the  secondary  by  the 
approach  of  conductors,  it  formed  a  kind  of  induction  balance ;  but  tbe 
point  of  special  interest  in  connection  with  it  was  that  a  similar  effect 
was  produced  when  the  conductors  were  replaced  by  insulators,  pro- 
vided the  latter  were  of  comparatively  large  size.  The  observed  rapidity 
of  tlie  oscillations  indaced  in  the  di-electrics  showed  that  the  quantities 
of  electricity  in  motion  under  tbe  influence  of  dielectric  polarization 
were  of  the  same  order  of  magnitude  as  in  the  case  of  metallic  eondact- 
ors. 

The  appanitns  employed  is  shown  diagramraaticaDy  in  Fig.  10,  and 
was  supported  on  a  light  wooden  fmmework,  not  shown  in  the  illustra- 
tion. The  primary  conductor  consisted  of  two  brass  plates,  AA',  witli 
sides  40  centimeters  in  length,  joined  by  a  copper  wire  70  centimeters 
long  and  half  a  centimeter  in  diameter,  containing  an  airspaceof  three- 
qnarters  ofa  centimeter,  with  terminals  formedof  polished  brass  spheres. 
When  placed  in  connection  with  a  powerful  induction  coil,  oscillatioDs 
are  set  up,  tbe  pcriwl  of  which,  determined  by  the  dimensions  of  the 
primary,  can  be  determined  to  a  hundred  millionth  of  a  second.  Tbo 
secoudary  conductor  consisted  of  a  circle,  35  centimeters  in  radius,  of 
copper  wire  2  millimeters  in  diameter,  containing  an  air  space,  the 
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leDRth  or  whicli  could  be  varied  by  means  of  »  screw  from  a  few  hun- 
dredths of  a  railliineter  U])  to  several  iiitlliinetem.  Tlie  diiiieiisions 
stated  were  sucb  as  to  l)rii>|f  tlie  two  conductors  into  unisou,  and  sec- 
ODdar>'  sparks  tip  to  sis  or  seven  inillioieters  in  leu(;tl>  eonld  be  ob- 
tained. 


Flo.  10. 

The  circle  was  movable  about  an  axis  through  its  center  perpeudicn- 
l3r  to  its  plane,  to  enable  the  position  of  the  air  space  to  be  varied. 
The  asis  was  fiseil  in  the  position  m  n  in  the  plane  of  A  and  A',  and 
balf  way  between  them.  The  center  of  the  circle  was  at  a  distance  of 
12  centimeters  from  the  nearest  points  of  A  and  A'. 

When/ was  ineitberof  the  posit  ions  a  or  o' lying  in  the  plane  of  ,4  A' 
no  sparking  occurred  in  the  secondary,  while  maximum  sparking  took 
pla«e  at  &  and  &*  OO'^from  the  former  positions.  TheE.  M.  f.  giving  rise 
to  the  secondary  sparks  is,  as  in  previous  experiments,  partly  electro- 
static and  partly  electro-magnetic,  and  the  former  being  the  greater  will 
determine  the  sign  of  the  resultant  E.  M.  p.  The  oscillations  must,  for 
tbe  reason  previously  explained,  l>e  considered  as  prodnced  in  the  part 
of  the  secondary  most  remote  from  the  air  space.  Assuming  the  k.  m.  f. 
and  the  amplitade  of  the  resulting  oscillation  to  be  positive  when  /  is 
in  the  position  f,  they  will  both  be  negative  when /is  at  6. 

When  the  circle  was  slightly  lowered  in  its  own  plane  the  sparking 
distance  was  increased  at  b'  and  diminished  at  b,  and  the  null  points 
)>y  at  ii  certain  distance  below  a  and  a'.  The  electro- static  e.  m,  p.  U 
Marcely  affected  by  such  a  displacement,  but  the  integral  of  the  e.m.  f. 
of  hiduction  taken  round  the  circle  is  no  longer  zero,  and  therefore  gives 
rise  to  an  oscillation  which  will  be  of  positive  sign  whatever  lie  the  i>o- 
lition  of/;  for  the  direction  of  tbe  resultant  e.  m.  f.  of  indoption  istfi 
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po8fte  to  that  of  the  electrostatic  E.  H.  v.  in  the  upper  half  of  the  cinile, 
and  coincides  with  it  iu  tiie  lower  half  where  the  electrostatic  B.  M.  F.  has 
been  assumed  to  be  positive.  Since  the  new  oscillation  so  prodnced  is 
in  the  phase  as  the  previonsly  existing  one,  their  amplitudes  most  be 
added  to  give  the  resnltaut  amplitode,  which  explains  the  phenomena. 

Bffecta  of  the  Approach  of  Conductors. — In  making  these  obserrations 
it  was  foand  necessary  to  remove  all  conductors  to  a  considerable  dis- 
tance from  the  apparatus,  in  order  to  obtain  a  complete  disappearanoe  of 
sparking  at  the  points  a  and  a'.  Even  the  neighborhood  of  the  observer 
was  sufRcient  to  set  up  sparking  when  the  air  space/  was  in  either  of 
these  positions,  and  the  sparks  had  therefore  to  be  observed  from  a 
distance.  The  conductor  used  for  the  experiments  was  of  the  form 
shown  at  C  (Fig.  10),  and  consisted  of  thin  metal  foil,  Theobjeotskept 
in  view  in  selecting  the  material  an<l  dimensions  were  to  obtain  a  ood> 
dnctor  which  would  give  a  moderately  large  effiKt,  and  having  an  os- 
cillation period  less  Uian  that  of  the  primary. 

When  the  conductor  0  was  brought  near  to  A  A',  it  was  foond  tJiat 
the  sparking  distance  decreased  at  A  and  increased  at  ^,  and  the  nnll 
points  were  displaced  upwards, — that  is,  in  the  direction  of  C, 

From  the  results  of  experiments  already  described  it  is  evident  that 
the  eflfect  of  displacing  A  A'  upwards  would  be  the  same,  qualitatively,  as 
that  of  a  current  in  the  same  direction  as  that  in  A  A'  directly  above  it. 
The  effect  produced  by  the  approach  of  C  was  the  reverse  of  this,  and 
could  be  explained  by  an  inductive  action,  supposing  there  were  a  car- 
rent  in  C  in  the  opposite  direction  to  that  in  A  A',  which  is  esactJy 
what  must  occur;  for  the  electro-static  E.  M.  F.  would  give  rise  to  sach 
a  current,  and  since  the  oscillations  in  C  are  more  rapid  than  those 
of  this  E.  H,  P.  the  current  must  be  in  the  same  phase  as  the  indue* 
ing  E.  H.  F.  The  truth  of  this  explanation  was  confirmed  by  the 
following  experiments.  The  horizontal  plates  of  tbecondnctor  <7  being 
left  in  the  same  position  as  before,  the  vertical  plate  was  removed, 
and  successively  replaced  by  wires  of  increasiog  length  and  fineness, 
in  order  to  lengthen  the  oscillation  period  of  0.  The  effect  of  this 
was  to  displace  the  null  points  more  and  more  in  an  npward  direction, 
while  at  the  same  time  they  became  less  sharply  define^l,  a  minimum 
sparking  taking  the  placeof  the  previous  absolute  disappearonoe.  Tli« 
sparking  distance  at  the  highest  point  had  previously  been  much  less 
t>han  at  the  lowest  point,  bnt  after  the  disappearance  of  thenuU  poiota 
it  began  to  increase.  At  a  certain  stage  the  sparking  distance  at  the 
two  positions  became  eqnal,  and  then  no  definite  minimum  points 
could  be  found,  but  sparking  took  place  freely  at  all  positions  of/. 
Beyond  this  stage  the  sparking  distance  at  the  lowest  point  diminished 
and  very  soon  tvFO  minimum  points  made  their  appearance  close  to  it,  not 
clearly  defined  at  fiist,  but  gradually  becoming  more  distinct,  and  M 
the  same  time  approaching  the  points  a  a',  with  which  they  nltimately 
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ooindded,  when  the  minimum  points  again  became  absolute  nnll  points. 
These  results  are  in  agreeraent  with  the  coDclnsioii  drawn  from  the 
fwmer  observations,  for  as  the  oscillation  perioil  of  C  approaches  that 
of  A  A',  the  intensity  of  the  cnrreDt  in  the  former  increases,  bat  a  dif- 
ferenee  of  phase  arises  between  it  aod  the  exciting  b.  h.  p.  When  the 
two  ore  in  noison  the  current  in  Oattaiiisitsmaximnm,  ancl,asinotber 
ewn  of  resonance,  the  differeuceof  phase  gives  rise  to  a  slightly  dami>ed 
QidilatioD,  haviDg  a  period  of  aboot  a  quarter  that  of  the  original  one, 
vbich  makes  any  interference  between  the  oscillations  excited'  in  the 
cirele  BhjAA'  and  0  respectively  impossible.  These  conditions  clearly 
eonfspond  to  the  stage  at  which  the  sparking  distances  at  b  and  V  were 
equal.  When  the  osclllatioD  period  of  C  becomes  decidedly  greater 
t^  that  of  A  A',  the  amplitude  of  the  oscillation  in  the  former  will 
■gain  diminish,  so  that  the  difference  in  phase  between  it  and  the  ex- 
citiDg  E.II.P.  will  approach  half  of  the  original  period.  The  current  in 
C  irill  therefore  always  be  in  the  same  direction  as  that  in  A  A',  so 
that  ioterference  between  the  two  oscillations  excited  in  B  will  again 
become'  possible,  and  the  effect  of  0  will  then  be  opposite  to  its  original 
effect  When  the  conductor  (7  was  made  to  approach  A  A'  the  sparks 
in  B  became  much  smaller,  which  is  explained  by  the  fact  that  its  ef- 
fect will  be  to  increase  the  oscillation  period  of  A  A',  and  therefore  to 
tbnw  it  ont  of  unison  with  B. 

Effeett  of  the  approach  of  dielectrics. — A  ret;  rongh  estimate  shows 
tbat  when  a  dielectric  of  large  matis  is  brought  near  to  the  apparatus, 
the  qaantities  of  electricity  set  in  motion  by  di-olectric  polarization  are 
at  least  as  large  as  in  metallic  wires  or  thin  rods.  If  therefore  the  ac- 
tiOD  of  the  apparatus  were  unaffected  by  the  approach  of  sach  masses 
it  wonld  show  that  in  contradiction  to  the  theories  of  Faraday  and 
Maxwell,  no  electro-dynamic  actions  are  called  into  play  by  means  of 
dielectric  polarization,  or  as  Maxwell  calls  it,  electric  displacement. 
The  experiments  however  showed  an  effect  similar  to  that  which  would 
be  prodnced  if  the  dielectric  were  replaced  by  a  conductor  with  a  very 
ttnall  oscillation  period.  In  the  first  experiment  made,  the  mass  of  di- 
electric consisted  of  a  pile  of  books,  1.5  meter  long,  U.6  meter  broad,  and 
1  meter  high,  placed  under  the  plates  A  A'.  Its  effect  was  to  displace 
thenall  points  through  about  10°  towards  the  pile.  A  block  of  asphalt 
(i),  in  Fig.  10],  weighing  800  kilograms,  and  measuring  1.4  meter  in 
length,  0.4  meter  in  breadth,  and  0.6  meter  in  height,  was  then  nsed  in 
place  of  the  books,  the  plates  being  allowed  to  rest  upon  it. 

The  followtDg  results  were  then  obtained  : 

(1)  The  ppark  at  the  highest  point  of  the  circle  was  now  decidedly 
BttODger  than  that  at  the  lofrest  point,  which  was  nearer  to  the  asphalt. 

(3)  The  nnll  points  were  displaced  through  about  23^^  downwards, 
^t  is,  in  the  direction  of  the  block,  and  at  the  same  time  were  traus- 
foimed  into  mere  points  of  uiinimum  sparking,  a  complete  disappear- 
ance being  no  longer  obtainable.  ni,  n  ^  ■  i  m,  Goo<jlc 
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(3)  When  tli(«  platea  A  A'  rested  ou  the  asphalt  block  the  oscillation 
l)eriod  of  the  (iriinary  was  iiirreased,  as  shown  by  the  fact  that  the 
pei'ioil  of  B  had  to  be  slightly  iiicrease^l  in  oixlcr  toobtaiu  the  max- 
imum sparking  distance. 

{i)  When  the  apparatus  was  moved  gradnally  away  from  the  block 
ita  action  steiulily  diunnished  without  changing  its  character. 

(6)  The  action  i  f  the  block  could  be  compensated  by  bringing  the  con- 
dactor  C  over  the  plates  A  A',  while  they  rested  on  the  block,  the  null 
points  being  brought  back  to  a  and  a'  when  C  was  at  a  height  of  II 
centimeters  above  the  jdates.  When  the  upper  sar&ce  of  the  asphalt 
was  5  centimeters  below  the  plates,  compensation  was  obtained  when  G 
was  placed  at  a  height  of  17  centimeters  above  them,  showing  that  the 
action  ortbe  di-electrlc  was  of  the  order  of  magnitnde  which  had  been 
anticipated. 

The  asphalt  contained  about  5per  cent,  of  aluminium  and  iron  com- 
pounds, 40  per  cent,  of  calcium  compounds,  and  17  i^r  cent,  of  quartz 
sand.  In  order  to  make  sure  that  the  observed  efi'ects  were  not  due 
to  the  conductivity  of  some  of  these  sabstauces,  a  number  of  further 
experiments  were  made. 

In  the  first  place  tlie  asphalt  was  replaced  by  a  mass  of  the  same 
dimensions  of  the  so-called  artificial  jiitch  prepared  from  coal,  and  ef- 
fects of  a  similar  kind  were  observed,  but  slightly  weaker,  the  great- 
est displacement  of  the  null  iioints  amounting  to  19°.  UnfortaDately 
this  pitch  contains  free  carbon,  the  amount  of  which  it  is  difficult  to 
determine,  and  this  would  have  some  conductivity. 

The  experiments  were  then  repeated  with  a  conductor,  C,  of  half  the 
linear  dimensions  of  the  former  one,  and  smaller  blocks  of  varioos  sab- 
stances,  on  account  of  the  great  cost  of  obtaining  large  blocks  of  pure 
materials.  The  substances  used  were  asphalt,  coal-pitch,  paper,  wood, 
sandstone,  sulphur,  paraffiue,  and  also  a  fluid  di-electric,  namely  i>etn>- 
leum.  With  the  smaller  apparatus  it  was  not  possible  to  obtain  quan- 
titative results  of  the  same  accuracy  as  before,  but  the  effects  were 
of  an  exactly  similar  character,  and  left  little  room  for  doubt  of  the 
reality  of  the  action  of  the  di-electrio. 

The  results  might  possibly  be  supposetl  to  be  due  to  a  change  in 
the  distribution  of  the  electro-static  e.  m.  f.  in  the  neighborhood  of 
the  dielectric,  but  in  the  first  place  Dr.  Hertz  states  that  he  has  been 
unable  to  explain  the  details  of  the  observations  on  this  hypothesis, 
and  in  the  second  place  it  is  disproved  by  the  following  experiment: 

The  smaller  apparatus  was  placed  with  the  liuo  r  8  on  the  upper  near 
comer.of  oneof  the  large  blocks,  in  which  position  the  di-electric  was 
bounded  by  the  plane  of  the  plates  A  A'  and  the  perpendicular  plane 
through  r«,  both  of  which  are  equipotential  surfaces,  so  that  if  the 
action  were  electro-static  no  efl'ect  should  be  produced  by  the  dielectric. 
It  was  found  however  to  produce  the  same  effect  as  in  other  positions. 
It  might  also  be  supposed  that  the  effects  were  due  to  a  alight  ooudoe- 
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tivity,  bat  this  ooatd  bardly  be  the  case  with  such  good  insulators  as 
sniphor  and  paraffine.  Sappose  moreover  that  the  coDdacttvity  of  the 
dielectric  is  sufficient  to  discharge  the  plate  A  in  the  ten-thousandth  of 
3  second,  but  not  much  more  rapidly.  Then,  during  oue  osuillation, 
the  plates  wonld  lose  only  the  toa-thouBandtb  part  of  tlieir  charge,  and 
tiie  nmdnction  cnrrent  in  the  substance  experimented  on  wonld  not  ex- 
ceed the  ten-thonsandth  part  of  the  primary  current  in  A  A',  so  that  the 
eOiBct  wonld  l>e  quite  insensible.    , 


It  was  shown  in  tbe  experiments  described  iu  the  last  section,  that 
when  variable  electrical  forces  act  in  the  interior  of  di -electrics  of  specific 
tndnetive  capacity  not  eqnal  to  onity,  tbe  corresponding  electric  (lis 
placements  produce  electro-dynamic  effects.  la  a  paper  "On  the 
Velocity  of  Propagation  of  Electro-Dynamic  Actions,"  in  Wiedemann's 
JwmIm,  1888, vol.  xxxiv,  p.  561,  Dr.  Hertz  shows  that  similar  actions  take 
place  in  the  air,  which  proves,  as  was  previously  pointed  out,  that  elec> 
btMlynamio  action  most  be  propagated  with  a  finite  velocity. 

The  method  of  investigation  was  to  excite  electrical  oscillations  in  a 
rectilinear  condnotor  in  tiio  same  manner  as  in  former  experiments,  and 
then  to  produce  effects  in  a  secondary  conductor  by  exciting  electrical 
oscillations  in  it  by  means  of  those  in  thl^  rectilinear  conductor,  and  at 
the  same  time  by  the  primary  conductor  acting  through  the  intervening 
apace.  This  distance  was  gradually  increased,  when  it  was  found  that 
the  phase  of  tbe  vibrations  at  a  distance  from  the  primary  lagged  behind 
Qios^in  its  immediate  neighborhood,  showing  that  tbe  action  is  propa- 
gated with  a  finite  velocity,  which  wasfonniVto  be  greater  than  the 
velocity  of  propagation  of  electrical  wtives  in  wires  in  the  ratio  of  abont 
45  to  28,  so  that  tbe  former  is  of  tbe  same  order  as  the  velocity  of  light. 
Dr.  Hertz  was  unable  to  obtain  any  evidence  with  respect  to  the  veloc- 
ity of  propagation  of  electro-static  actions. 


The  primary  condnctor  A  A'  (Fig.  11)  consist^'d  of  a  pair  of  Rqunre 
tffass  plates  with  cides  40  centimeters  in  length,  connected  by  :i  copper 
*ire6U  centimeters  in  length,  :it  the  middle  poinl  uf  tvliiuh  ,was  an  uir 


,174  UEBTZ'S  RESEABCHES  ON   ELBCTBICAL  WA.VB8. 

spuce,  across  which  sparks  were  made  to  pass  by  means  of  powerful 
disuharges  from  tlie  iuductton  cuil  J.  The  coadactor  was  fixed  at  a 
height  of  1^  meter  Above  tbe  base-plate  of  the  coil,  with  its  plates  ver- 
tical, and  the  ooDnectiug  wire  horizoDtat.  A  straight  line  r  «,  drawn 
horizoutally  through  the  air  space  of  the  primary  and  perpendicnlar  to 
the  direction  of  the  primary  oscillation,  will  be  called  tbe  base-line, 
and  a  i>oint  in  this  situated  at  a  distance  of  45  centimeters  from  tbe  air 
space  will  be  referred  to  as  the  null  t>oint. 

The  experiments  were  made  in  a  large  lecture  room,  with  uotfaing 
near  the  base-line  for  a  distance'  of  12  meters  from  tbe  primary  con- 
daotor.    Tbe  room  was  darkened  during  the  experiments. 

Tbe  secondary  conductor  cousiated  either  of  a  circular  wire  C,  of  36 
centimeters  radius,  or  of  a  square  of  wire  B,  with  sides  60  centimeters 
long.  The  primary  and  secondary  air  spaces  were  both  capable  of  ad- 
justment by  means  of  micrometer  screws.  Both  the  secondary  con- 
ductors were  in  nnisoa  with  tbe  primary,  the  (half)  vibration  period  of 
each  being  Tinf.'^ArftiiD  (1.4/huudred-milliODtlis)of  a8eoond,a8caloalated 
from  tbe  capacity  and  coefficient  of  self-induction.  It  isdonbtfnl  whether 
the  ordinary  theory  of  electrical  oscillatiouB  would  lead  to  accurate  reanlts 
under  the  conditions  of  these  experiments;  but  as  it  gives  oorreot 
numerical  results  in  tbe  case  of  Leyden-jar  discharges,  it  may  be  ex- 
pected to  be  correct  as  far  as  tbe  order  of  tbe  results  is  concerned. 
When  the  center  of  the  secondary  lies  in  tbe  base-liue,  and  its  plane 
coincides  with  the  vertical  plaue  through  tbe  base-line,  no  sparks  are 
observed  in  the  secondary,  the  u.  m.  f.  being  everywhere  perpendicular 
to  the  direction  of  the  secondary.  This  will  be  referred  to  as  "  the  first 
principal  position  "  of  the  secondary.  When  the  plane  of  the  secondary 
is  vertical  and  perpendicular  to  tbe  base-line,  tbe  center  still  lying  in 
tbe  base-line,  the  secondary  will  be  said  to  be  in  its  "  second  principal 
position."  Sparkiuj;  then  occnrs-in  tbe  secondary  when  its  air  space  is 
either  above  or  below  the  horizontal  plaue  through  the  base-line,  bat 
not  when  it  is  in  this  plaue.  As  the  distance  from  the  primary  was  in- 
creased the  sparking  distance  was  observed  to  decrease,  rapidiy  at  first, 
but  ultimately  very  slowly.  Sparks  were  observed  throughout  the 
whole  distance  of  13  meters  available  for  tbe  experiments.  Tbe  spark- 
ing in  this  position  is  due  essentially  to  the  £.  M.  F.  produced  in  the 
portion  of  the  secoudary  remote  from  the  air  space.  The  total  e.  m.  p. 
is  partly  electro  static  and  partly  electro-dynamic,  and  the  experiments 
show  beyond  the  possibility  of  doubt  that  the  former  is  greater,  and 
therefore  determines  the  directiou  of  the  total  e;.  u.  V.  close  to  the 
primary,  while  at  greater  distances  it  is  the  electro-dynamic  b.  h.  p. 
which  is  the  greater. 

The  plane  of  the  secoudary  was  then  turned  iuto  the  horizontal,  its 
center  still  lying  in  the  base-line.  This  may  be  called  "  the  third  prin- 
cipal position."  When  the  center  of  the  circular  secondary  conductor 
was  kept  fixed  at  the  null  point,  and  tbe  air  space  was  made  to  travel 
D„:,iP<.-jM,CoO<^lc 
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touihI  tlie  circle,  vigoroas  sparking  was  obMrred  in  all  positionB.  Tbe 
stMrkiugdistanceatWnediU  maximum  leugtli  of  about  six  millimeters 
when  ita  air  space  was  nearest  to  that  of  the  primary,  and  its  miiiimam 
length  of  aboQt  three  millimeters  whoD  the  distance  betweeu  tbe  two 
air  spaces  was  greatest.  If  the  secondary  bad  beeu  influenced  by  the 
electrostatic  force,  sparking  would  only  be  expected  when  the  air  space 
was  close  to  the  tmee-line,  and  a  oessation  of  sparks  in  the  intermediate 
positions.  The  direction  of  the  oscillation  would,  moreoirer,  be  deter- 
Duned  by  the  direotion  of  the  b.  m.  p.  in  the  portion  of  the  secondary 
farthest  trom  the  air  space.  There  is  however  superposed  upon  the 
electro-statically-ezcited  oscillation  a  aecoud  oscillation  dne  to  the  b. 
X.  F.  of  induction,  which  produces  a  considerable  effect  since  its  inte- 
gral ronnd  the  circle  (considered  as  a  closed  circuit)  does  not  vanish ; 
and  tbe  direction  of  this  integral  B.  M.  p.  is  independent  of  the  position 
of  the  air  space,  opposing  tbe  electro-static  E.  H.  F.  in  the  portion  of 
the  eebondary  next  to  A  A',  and  assisting  it  in  the  portion  furthest  from 
A  A',  as  explained  in  a  previons  paper. 

The  electro-static  and  electro-dynamic  E.  H.  p.s  therefore  act  in  the 
laoe  direction  wben  tbe  air  space  is  turned  towanis  the  primary  cod- 
dootors,  and  in  opposite  direction  when  tbe  air  space  is  turned  away 
from  tbe  primary.  In  the  latter  position  it  is  the  E.  M.  p.  of  induction 
vhich  is  the  more  powerful,  as  is  shown  by  tbe  fact  that  there  is  no  dis- 
^peuance  of  sparking  in  any  poeitiou  of  the  air  space,  for  when  this 
ii  90  degrees  to  the  rigfator  left  of  the  base  line  it  coincides  with  a  node 
with  respect  to  tbe  electrostatic  E.  H.  F.  In  these  positions  the  in- 
ductive action  in  the  neighborhood  of  the  primary  can  be  observed,  in- 
d^Modeotly  of  the  electrostatic  action. 

Vava  in  Bectilinem'  Wires. — In  order  to  produce  in  a  wire  by  means 
of  the  primary  oscillations  a  series  of  advancing  waves  of  the  diaracter 
required  for  these  ezperimentfi,  tbe  following  arrangements  were 
made:  Behind  the  plated  was  placed  a  plate  P  of  equal  size.  A 
copper  wire  one  millimeter  in  diameter  connected  P  to  the  point  m  of 
the  base-line.  From  m  the  wire  was  continued  iu  a  curve  about  n  meter 
in  length  to  the  point  m,  situated  about  30  centimeters  above  the  air 
space,  and  wan  then  further  continued  in  a  straight  line  parallel  to  the 
base-line  for  such  a  distance  as  to  obviate  all  danger  of  disturbance  &om 
reflected  waves.  In  tbe  present  series  of  experiments  tbe  wire  passed 
tkroagh  a  window,  and  after  being  carried  to  a  distance  of  about  60 
meterB  was  pnt  to  earth,  and  a  special  series  of  expecimeuts  showed 
that  this  length  was  sufficient.  When  a  wire,  bent  so  as  to  form  a 
nearly  closed  circuit  with  a  small  air  space,  was  brought  near  to  this 
Btraight  wire,  a  series  of  fine  sparks  was  seen  to  accompany  the  dis- 
charges of  the  induction  coil.  Their  intensity  could  be  varied  by  vary- 
ing tbe  distance  between  the  plates  P  and  A.  Tbe  waves  iu  the  recti- 
linear wire  were  of  the  same  period  as  that  of  the  primary  oscillations,  as 
was  proved  by  their  being  shown  to  be  in  unison  with  each  of  the  two 
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secoudary  coudiictors  previously  described.  Tliu  existent^  of  statioa- 
ury  waves  showed  ttint  tlie  wiives  iu  the  rectilinear  wire  were  of  s 
steady  cliaracter  iu  space  as  well  as  iu  time.  Tlio  nodul  points  were 
determined  in  tbe  following  manner:  Tlie  furtber  end  of  tlie  wire  was 
left  free,  and  the  secondary  conductor  was  brought  near  to  it,  in  sncfa 
a  {lositton  that  the  wire  lay  in  its  plane,  and  had  tho  air  space  tarDetl 
towards  it.  As  the  secondary  was  moved  along  tbe  wire,  points  of  no 
8)>arking  were  observed  to  recur  jwriodically.  The  distance  from  the 
point  n  to  the  first  of  tbeso  was  measured,  and  the  lengtb  of  tbe  wire 
made  equal  to  a  multiple  of  this  distance.  The  experiments  were  theo 
repeated  and  it  was  found  that  tbe  noilal  points  ocenrred  at  approxi- 
mately equal  intervals  along  tbe  wire. 

Tbe  nodes  could  also  be  distinguished  from  tbe  loops  in  other  ways. 
The  secondary  conductor  was  brought  near  to  tbe  wire,  with  its  plane 
perpendicular  to  it,  and  with  its  air  space  neither  directed  completely 
towards  the  wire  nor  completely  away  from  it,  but  in  an  intermediate 
position,  80  tis  to  produce  £.  h.  f.'s  perpendicular  to  tbe  wire.  Sparks 
were  then  observed  at  tbe  no<leR,  while  they  disappeared  at  the  loops. 
When  sparks  wore  taken  from  the  rectilinear  wire  by  means  of  aa  in- 
sulated conductor,  they  were  found  to  be  stronger  at  tbe  nodes  than  at 
tlie  loops ;  tbe  difference  however  was  small,  and  was  indeed  Bca,ree]j 
distinguishable  unless  the  position  of  the  nwles  and  loops  was  previ- 
ously known.  The  reason  that  this  and  other  similar  methods  do  not 
give  a  well-defined  result  lies  in  tbe  fact  that  irregular  oscillations  are 
superposed  upon  the  waves  considered;  tbe  regular  waves  however 
can  be  picked  out  by  means  of  tbe  secondary,  just  as  definite  notes  are 
picked  ont  by  means  of  a  Helmboltz  resonator.  If  the  wipe  is  severed 
at  anode,  no  effect  is  produced  upon  the  waves  in  tbe  portion  of  wire 
next  to  the  origin  ;  but  if  the  severed  portion  of  wire  is  left  in  its  place, 
tbe  waves  continue  to  lie  propagated  through  it,  though  with  somewhat 
diminished  strength. 

The  [wssibility  of  measuring  the  wave-lengths  leads  to  various  appli- 
cations. If  the  copper  wire  hitherto  used  is  replaced  by  one  of  differ- 
ent diameter,  or  by  a  wire  of  some  other  metal,  tbe  nodal  points  retain 
their  position  unchanged.  It  follows  from  this  thattbo  velocity  of  prop- 
agation in  a  wire  biis  a  definite  value  independent  of  its  dimeusions  and 
material.  Even  iron  wires  offer  no  exception  to  this,  showing  that  the 
magnetic  susceptibility  of  iron  does  not  play  any  part  in  the  case  of 
such  rapid  motions.  It  would  be  interesting  to  inveistigate  tbe  behavior 
of  electrolytes  in  this  respect.  In  their  case  wu  should  expect  a  smaller 
velocity  of  propagation,  becanse  tbe  electrical  motions  are  accompanied 
by  motions  of  tbe  molecules  carrying  the  electric  charges.  It  was  found 
that  no  propagation  of  the  waves  took  place  through  a  tube  tU  millimeters 
in  diameter,  filled  with  a  solution  of  sulphate  of  copper;  but  this  may 
have  l>een  due  to  tbe  resistance  being  too  high.  By  tbe  measurement 
of  wave-lengths  the  relative  vibration  periods  of  difi^rent  primary  con- 
D„:,i^,.-iM,C00^le 
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dnetors  cnii  bo  determiDed,  and  it  tlierefore  becomes  possiblv  to  com- 
psrein  tfa is  luauDertbe  vibration  periods  of  pUte8,flpbere8,ellip:joids,&c. 
In  the  exi>eriinent8  tnatle  by  Dr.  Hertz,. nodes  were  very  distinctly 
pnxlDced  n-beii  the  wire  was  severetl  at  a  distaoce  of  either  S  meters  or 
5Ji  meters  from  the  nail  point  of  the  base  line.  In  the  first  case  the 
nodes  occurred  at  distan(H;8  lYoni  the  no))  point  of  -0.2  meter,  2.3 
meters,  5.1  meters,  and  8  meters,  and  in  the  latter  case  at  distances  of 
-0.1  meter,  2.8  meters,  and  5.5  meters.  It  appears  tbei-efore  that  the 
(half)  wave-length  in  a  free  wire  cannot  tliRiT  mucli  from  2.8  meters 
He  fact  that  the  wave-lengths  nearest  to  1'  were  somewhat  smaller  was 
to  be  expected  from  the  infiuence  of  the  plates  and  of  tbe  curvature  of 
the  wire.  Tbis  wave-length,  with  a  period  of  1.4/  bundred-miUionths  of 
■  second,  gives,  200,000  kilometers  per  second  for  tbe  velocity'of  prop- 
i^tion  of  electrical  waves  in  wires.  Fizeau  and  Gounelle  (Poggen- 
dorfTa  Annttlen,  vol.  lsxx,  p.  158, 1850)  obtained  for  the  velocity  in 
iron  wires  100,()00  kilometers  per  second,  and  lSO,()0()iu  copper  wires. 
W.  Siemens  (PoggendorfPs  Annal^n,  vol.  CLVii,  p.  3liy,  1876),  by  the 
aid  of  Leydeii-jar  discbarges,  obtained  a  velocity  of  from  200,000  to 
360,000  kilometers  per  seconil  in  iron  wires.  Dr.  Hertz's  result  is  \'ery 
nearly  the  mean  of  these,  from  which  we  may  conclude  that  the  order, 
it  any  rate,  of  the  vibration  period  as  calculated  by  him  is  correct. 
The  valne  obtaineil  cannot  be  regarded,  independently  of  itts  agreement 
with  experimental  results  otherwise  obtained,  as  a  fresh  determination 
of  the  velocity,  since  it  rests  upon  a  theory  whicti  is  open  to  doubt. 


Interference  of  the  direct  actions  tPitli  tkose  transmitted  through  the 
trire. — If  the  square  circuit  B  is  placed  at  the  null  point  in  the  second 
principal  position,  with  the  air  space  at  iU  highest  point,  it  will  be  uu- 
affecteil  by  the  waves  iu  the  wire,  but  tlie  direct  action  when  in  this 
position  was  found  to  produce  sparks  2  millimeters  in  length.  B  was 
then  turned  about  a  vertical  axis  into  tbe  Qrst  principal  position  in 
which  there  would  be  no  direct  action  of  tbe  primary  oscillation,  but 
the  waves  in  the  wire  gave  rise  to  sparks,  and  by  bringing  P  near 
eooQgh  to  .A,  a  sparking  distance  of  2  millimeters  could  be  obtainetl. 
In  the  intermediate  positions  sparks  were  produced  iu  both  tliese  ways, 
Md  it  would  therefore  be  possible  to  get  a  difl'erence  of  phase,  such 
that  one  should  either  increase  or  dimiuish  the  eOect  of  the  other. 
Phenomena  of  this  nature  were,  indeed,  observed.  When  the  plane  of 
Bwas  in  such  a  position  that  the  normal  drawn  towards  A  A'  was 
ilirecled  away  from  that  side  of  the  primary  TOiiductor  on  which  P  was 
pbtced,  there  was  more  sparking  than  even  in  the  principal  position; 
bnt  if  the  normal  were  directed  towards  Ptho  spaik,s  disappeared,  and 
ODly" re-appeared  when  the  air  space  was  made  smaller.  When  the  air 
<pitce  was  at  the  lowest  point  of  B,  the  other  conditions  remaining  the 
H.  Mis.  224 12 
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same,  the  sparks  disappeared  when  the  normal  was  tunied  away  from 
P.  Further  rariations  of  the  experiment  gave  lesnlts  in  aooordaooe 
with  these. 

It  is  eosil;  seen  that  these  phenomena  were  exactly  what  were  to  be 
expected.  To  fix  the  ideas,  sappoee  the  air  space  to  be  at  the  highflst 
poiutaod  the  Dormal  directed  towards  JP,  as  in  Fig.  11.  Oonsiderwhat 
happens  at  the  moment  tbat  the  plate  A  has  its  greatest  positive  charge. 
The  electro-static,  and  therefore  the  total  b.  m.  f.,  is  directed  from  A 
towards  A'.  The  oscillation  to  which  this  gives  rise  in  B  is  determined 
by  the  direction  of  the  B.  H.  p.  in  the  lower  portion  of  B.  Therefore 
Ijosilive  electricity  will  flow  towards  A'  in  the  lower  portion,  and  away 
firom  A'  in  the  npper  portion. 

Consider  next  the  action  of  the  waves.  As  long  as  Jl  is  positiTely 
charged,  positive  electricity  will  flow  from  the  plate  P.  This  onrrent 
is,  at  the  moment  considered,  at  its  maximum  value  at  the  middle 
pointofthefirsthalf  wave-length.  A  quarter  of  a  wave-length  further 
{him  the  origin — that  is  to  say,  in  the  neighborhood  of  the  null  point — 
it  first  changes  its  direction.  The  B.  H.  F.  of  induction  will  here  there- 
fore impel  positive  electricity  towards  the  origin.  A  current  will  there- 
fore flow  round  B  towards  A'  in  the  npper  portion  and  away  from  A' 
in  the  lower  portion.  The  electro-static  and  electronlynamic  B,  ic.  P.'s 
are  therefore  in  opposite  phases  and  oppose  each  other's  action.  If 
the  secondary  circuit  is  rotated  through  90  deg.,  through  the  first  prio- 
cipal  position,  the  direct  actios  changes  its  sign,  but  not  so  the  action 
of  the  waves,  so  that  they  now  tend  to  strengthen  each  other.  The 
same  reasoning  holds  when  the  air  space  is  at  the  lowest  iioint  of  B. 

Greater  lengths  of  wire  were  then  included  between  m  and  ii,  and  it 
was  fouud  that  the  interference  became  gradually  less  marked,  nntil 
with  a  length  of  2.5  metors  it  disappeared  entirely,  the  sparks  being  of 
equal  lengcb  whether  the  normal  were  directed  towards  or  away  from 
P.  When  the  length  of  wire  between  m  and  n  was  further  increased, 
the  distinction  between  the  different  quadrants  re-appeared,  and  witha 
length  of  1  meters  the  disappearance  of  the  sparks  was  feirly  sharp. 
The  disappearance  however  then  took  place  (with  the  air  space  at  the 
highest  point)  when  the  normal  was  directed  away  from  P,  the  opposite 
direction  to  tbat  in  which  the  disappearance  previoosly  took  place. 
With  a  still  further  increase  in  the  length  of  the  wire  the  interference 
re-appeared  and  returned  to  its  original  direction  with  a  length  of  6 
meters.  These  phenomena  are  clearly  to  be  explained  by  the  retarda- 
tion of  the  waves  in  the  wire,  and  show  that  here  agf^n  the  direction  of 
motion  in  the  advancing  waves  changes  its  sign  at  intervals  of  about 
2.8  meters. 

To  obtain  interference  phenomena  with  the  seoondaiy  circuit  C  in 
the  third  principal  position,  the  rectilinear  wire  must  be  removed  from 
its  original  position,  and  placed  in  tbe  horizontal  plane  through  Ceitber 
on  the  side  of  the  plate  A  or  of  the  plate  A'.    Practically  it  Is  sufficient 
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to  stretob  the  wire  loosely,  and  to  fix  it  by  meaDS  of  an  ineulated  damp 
on  each  Bide  of  C  alternately.  It  was  found  that  when  the  wire  was  on 
the  same  side  as  the  plate  P  the  waves  in  it  diminished  the  previoos 
■parking,  and  when  on  the  opposite  aide  the  sparking  was  increased, 
both  results  being  unaffected  by  the  position  of  the  air  space  in  the 
aecondary  cireait.  Kow  it  has  been  already  pointed  out  that  at  the 
BOment  when  the  plate  A  has  its  maiimum  positive  charge,  and  at 
which  therefore  the  piimary  correot  begins  to  flow  from  A,  the  onr- 
rent  at  the  first  node  of  the  rectilinear  wire  begins  to  flow  away  ftota 
the  origin.  The  two  cnrrenta  therefi>re  Aow  arouud  C  in  the  same  di- 
notion  when  O  lies  between  the  rectilinear  wire  and  A  and  in  opiio- 
Bite  directions  when  the  wire  and  A  are  on  the  same  side  of  C.  The 
loct  that  the  poeitioD  of  the  air  space  is  indifferent  confirms  the  oon- 
dssion  fonnerly  arrived  at,  that  the  direction  of  oscillation  is  that  due 
to  the  electro-dynamic  B.  M.  F.  These  interferences  are  also  changed 
m  direction  when  the  wire  mm,!  meter  in  length,  ie  replaced  by  a  wire 
4  meters  in  length. 

Dr.  Hertz  also  succeeded  in  obtaining  interference  phenomena  when 
tiie  center  of  the  secondary  circuit  was  not  in  the  base-line,  but  these 
Ksolts  vere  of  no  special  importance,  except  that  they  confirmed  the 
pievions  oonolusions. 

Interference  phenomena  at  various  distancet. — Interference  may  be 
proddced  with  the  secondary  at  greater  distances  than  that  of  the  nntl 
point,  bnt  care  must  then  be  taken  that  the  action  of  the  waves  in  the 
wire  is  of  about  the  same  magnitude  as  the  direct  action  of  the  primary 
circuit  through  the  air.  This  can  be  effected  by  increasing  the  distance 
between  P  and  A, 

Nowif  t^e  velocity  of  propagation  of  the  electro-dynamic  disturbances 
tbroagh  the  air  is  infinite,  the  interference  will  change  its  sign  at  every 
halfwave  length  in  the  wire — that  is  to  say,  at  intervals  of  about  2.8 
meters.  If  the  velocities  of  propagation  through  the  air  and  through 
Uie  wire  are  equal,  the  interference  will  be  in  the  same  direction  at  all 
digtances.  Finally,  if  the  velocity  of  propagation  throngh  the  air  is 
finite,  but  different  irom  the  velocity  in  the  wire,  the  interference  will 
cbauge  In  sign  at  intervals  greater  than  2.8  meters. 

The  interCerences  first  investigated  were  those  which  occurred  when 
the  secondary  circuit  was  rotated  from  the  first  into  the  second  prin- 
cipal position,  the  air  space  being  at  the  highest  point.  The  distance 
of  tiie  secondary  from  the  null  point  was  increased  by  half-meter  stages 
from  0  up  to  8  meters,  and  at  each  of  these  positions  an  observation 
vaa  made  of  the  effects  of  directing  the  normal  towards  and  away  from 
P  respectively.  The  {toiuts  at  which  no  diS'ereiice  in  the  sparking  was 
obserred  in  the  two  positions  of  the  normal  are  marked  0  in  the  table 
below.  Those  in  which  the  sparking  was  least,  showing  the  existence 
of  interference,  when  the  normal  was  directed  towards  P  are  marked  +, 
tni  those  io  wliieb  the  sparking  was  least  when  the  normal  was  directed 
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away  from  P  are  marked  — .  TLe  experiments  were  repeated  with 
different  lengths  of  wire  m  »,  varyiDg  by  etapn  of  half  a  meter  from  1 
meter  np  to  6  meters.  The  first  borizootal  line  hi  the  table  gives  the 
distances  iii  meters  of  the  center  of  the  secondary  circuit  from  the  oall 
point,  while  the  first  vertical  line  gives  the  lengths  of  the  wire  m  n, 
also  ill  meters : 


+  |. 


An  inspection  of  this  table  shows,  in  the  first  place,  that  the  changes 
of  sign  take  place  at  longer  intervals  than  2.8  meters ;  and  in  the  sec- 
ond jilace  that  the  change  of  phase  is  more  rapid  in  the  neighborhood 
of  the  origin  than  at  a  distance  from  it.  As  a  variation  in  the  velocity 
of  propagation  is  very  unlikely,  this  is  prot>ably  due  to  the  fact  indi- 
cated by  theory  that  the  electro-static  b.  m.  f.,  which  is  more  powerful 
than  the  electro-dynamic  s.M.F.  in  theueighborhood  of  the  primary  oscil- 
lation, has  a  greater  velocity  of  propagation  than  the  latter. 

In  order  to  obtain  a  definite  proof  of  the  existence  of  similar  phenom- 
ena at  greater  distances,  Dr.  Hertz  continued  the  observations  in  the 
case  of  three  of  the  lengths  m  n  np  to  a  distance  of  12  meters,  and  the 
result  is  given  in  the  table  bolow : 


If  we  make  the  assumption  that  at  the  greater  distance  it  is  only  the 
E.M.F.  of  induction  which  produces  any  efl'ect,  the  experiments  would 
show  that  the  interference  of  the  waves  excited  by  the  e.  m.  f.  of  indac- 
tion  with  the  original  waves  iu  the  wire  changes  its  sign  only  at  inter- 
vals of  about  7  meters. 

In  order  to  investigate  the  E.M.F.  of  induction  close  to  the  primary 
oscillation,  where  the  results  are  of  special  importance,  Dr.  Hertz  mailo 
use  of  the  interferences  which  were  obtained  when  the  secondary  circnit 
was  iu  the  third  principal  position,  and  the  air  space  was  rot^d  tbrongh 
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90  degrees  from  the  base  line.  TLe  direction  of  the  interference  at  the 
nnll  jwint,  whicli  haa  alreaily  Iteeu  eousiileriMl,  wit8  tiikeii  iis  negative, 
the  interference  being  vontsidered  positive  wben  it  was  produced  by  the 
passage  of  waves  on  the  su\e  of  0  remote  from  P,  whicb  makes  the  signs 
correspond  with  tbose  of  tlie  previous  experiments.  It  must  be  borne 
in  mind  that  the  direction  of  the  resultant  B.M.P.  at  the  null  point  is 
opposed  tothat  of  tbo  b.  m  p.  of  induction,  and  therefore  the  first  table 
vonid  have  begun  with  a  negative  sign  if  the  electrostatic  E.M.F.coald 
have  been  eliminated.  The  present  experiments  showe<l  that  up  to  a 
distance  of  3  meters  interference  continued  to  occur,  and  always  of  tbe 
same  sign  as  at  tbe  null  point.  It  ivas  unfortunately  impossible  to  ex- 
tend these  observations  to  a  greater  distance  than  4  meters,  on  a^jconnt 
of  the  feebleness  of  the  sparks,  but  the  results  obtained  wore  sufficient 
to  give  distinct  evidence  of  a  finite  velocity  of  propagation  of  the  E.  M.  F. 
of  indnction.  These  oltservsitions,  like  the  former  ones,  were  repeated 
with  various  lengths  of  the  wire  m  n  in  order  to  exhibit  the  variation  in 
phase,  and  the  results  obtained  are  given  iu  the  table  below ; 


which  ahowa  that  as  tlie  distance  increases  tlte  phaseof  the  interference 
changes  in  such  a'manner  that  a  reversal  of  sign  takes  place  at  intervals 
oT  from  7  to  8  meters.  This  result  is  further  confirmed  by  comparing 
the  results  of  Table  HE  with  the  results  for  greater  distances  given  in 
Table  1 1,  for  in  the  former  series,  the  effect  of  the  electro-static  E.  m.  f.  is 
eliminated,  owing  to  the  special  position  of  the  secoudary  circuit,  while 
in  the  former  it  becomes  insensible  at  the  greater  distances,  owing  to 
its  rapid  decrease  with  increasing  distanee.  We  should  therefore  ex- 
pect the  results  given  in  tbe  first  table  for  distances  beyond  i  meters 
to  follow  without  a  break  tlie  results  given  in  Table  HI  for  distances 
ap  to  4  meters.  This  was  fouud  to  be  the  case,  as  is  evident  from  in- 
spection of  Tables  II  and  III. 

To  show  this  more  clearly  the  signs  of  the  interference  of  the  waves, 
dae  to  the  electro-dynamic  e.m.p.,  with  the  waves  in  the  wire,  are  col- 
lected together  in  Table  IV",  the  first  four  columus  of  which  are  taken 
from  Table  III,  and  the  remaining  columns  from  Table  II. 
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Prom  the  results  giveo  in  this  table,  the  anther  draws  the  following 
ooneluaioaa : 

(1)  The  interference  does  uotchange  its  sign  at  intervals  of  2.8  meters. 
The  electro-dynamic  actions  are  therefore  not  propagated  with  an  infi- 
nite velocity. 

(2)  The  interferenoe  is  not  in  the  same  phase  at  all  points,  therefore 
the  electro-dynamic  actions  are  not  propagated  through  air  with  tiie 
same  velocity  as  electric  waves  in  wires. 

(3)  A  gradaal  retardation  of  the  waves  in  the  wire  has  the  effect  of 
displacing  a  given  phase  of  the  interference  towards  the  origin  of  the 
waves.  The  velocity  of  propagation  through  (he  air  is  therefore  greater 
than  through  a  wire. 

(4)  The  sign  of  the  interference  is  reversed  at  intervals  of  7.6  meters, 
and  therefore  in  traversing  this  distance  an  electro-dynamic  wave  gains 
one  length  of  the  waves  iu  the  wire. 

Thus,  while  the  former  travels  7.6  meters,  the  latter  travels  7.5—2.8= 
4.7  meters,  and  therefore  the  ratio  of  the  velocities  is  75: 47,  which  gives 
for  the  half- wave  length  of  the  electro-dynamic  action  2.8+76/47=4.5 
meters.  Since  this  distance  is  traversed  in  1.4/hnudredmilliontb8of  a 
second,  the  absolute  velocity  of  propagation  through  the  air  must  be 
320,000  kilometers  per  second.  This  result  can  only  be  considere<t  re- 
liable as  far  as  its  order  is  concerned;  but  its  true  value  can  hanlly 
exceed  half  as  much  again,  or  be  leas  thau  two-thirds  of  this  amount 
In  order  to  obtain  a  more  accurate  determination  of  the  true  value  it 
wilt  be  necessary  to  determine  the  velocity  of  electric  waves  in  wires 
with  greater  exactness. 

It  does  not  necessarily  follow  from  the  fact  that  in  the  immediate 
neighborhooil  of  the  primary  oscillation  the  iat«rference  changes  its 
sign  after  an  interval  of  2.8  meters  that  the  velocity  of  propagation  of 
the  electro-static  action  is  infinite,  for  such  a  conclusion  would  rest  upon 
a  single  change  of  sign,  which  might  moreover  be  explained  independ- 
ently of  any  change  of  pliase,  by  a  change  iu  the  sign  of  the  amplitude 
of  the  resultant  force  at  a  certain  distance  from  the  primary  oscillation. 
Quite  independently  however  of  any  knowledge  of  the  velocity  of  pro- 
pagation of  electrostatic  actions,  there  exist  definite  proofs  that  the 
rates  of  propagation  of  electro-static  and  electro-dynamic  E.  H.  P.'s  are 
unequal. 

In  the  first  place  the  total  force  does  not  vanish  at  any  point  on  the 
base-line.    Kow,  near  the  primary,  the  electro-slatic  E.  M.  f.  is  the  greater. 
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While  the  electro-dyDamic  E.  M.  F.  is  tbe  greater  at  greater  distances. 
There  must  therefore  be  some  point  at  which  they  are  eqaal,  and  siuce 
Uiey  do  not  balance,  they  mnst  take  different  times  to  reach  tins  point. 
In  the  second  place,  the  existence  of  points  at  which  the  direction  of 
tiie  resnitant  E.  H.  P.  becomes  indeterminate  does  not  seem  capable  of 
explanation,  excepton  the  sapposition  thatt^e  electrostatic  and  electro- 
dynamic  eomponenta  perpendicalar  to  each  other  are  in  appreciably 
different  phases,  and  therefore  do  not  compound  into  a  rectilinear  os- 
dUation  in  a  fixed  direction.  The  fact  that  the  two  compouents  of  the 
resultant  are  propagated  with  different  velocities  is  of  considerable  im- 
portance, in  that  it  gives  an  independent  proof  that  one  of  them  at  any 
rate  mnst  have  a  finite  velocity  of  propagation.  . 


The  latest  rcse^irches  of  Dr.  Hertz  on  electrical  oscillations  of  which 
accoants  have  t>een  published  at  present,  are  described  in  a  paper  "  Ou 
Etectro-Dydamio  Waves  in  Air,  and  their  Reflections,"  in  Wiedemann's 
An*alen,  1888,  vol.  xxxxv,  p.  609,  The  author  had  been  endeavoring 
to  find  a  more  striking  and  direct  proof  of  tbe  finite  velocity  of  propaga- 
tion of  eleetro-dynaraic  waves  than  those  which  he  had  hitherto  given, 
for  though  these  are  Quite  safflcient  to  establish  the  fact,  they  can  ouly 
be  properly  appreciated  by  one  who  has  obtained  a  grasp  of  tbe  results 
of  the  enti  re  series  of  researches. 

In  many  of  tbe  experiments  which  have  been  described,  Dr.  Hertz 
had  noticed  tbe  appearance  of  sparks  at  points  in  the  secondary  con- 
dQotor,  where  it  was  clear  from  geometrical  considerations  that  they 
could  not  be  dne  to  direct  action,  and  it  was  observed  that  this  occurred 
chiefly  in  the  neighborhood  of  solid  obstacles.  It  was  found  moreover, 
tliatin  most  positions  of  the  secondary  conductor  the  feeble  sparks  pro- 
daced  at  a  great  distance  from  the  primary  became  considerably 
stronger  in  the  vicinity  of  a  solid  wall,  bat  disappeared  with  consider- 
able suddenness  quite  close  to  tbe  wall.  The  mostobvious  explanation 
of  these  experiments  was  that  the  waves  of  inductive  action  were  re- 
flected &om  the  wall  and  interfered  with  the  direct  wares,  e8i>ecially 
aa  it  was  found  tbat  the  phenomena  became  more  distinct  when  the 
ciicamstahces  were  such  as  to  fhvor  reflection  to  the  greatest  possible 
extent.  Dr.  Hertz  therefore  determined  upon  a  thorough  investigation 
of  tbe  phenomena. 

The  experiments  were  made  in  the  Physical  Lecture  Theatre,  which 
ia  15  meters  in  length,  14  meters  in  width,  and  6  meters  in  height. 
Two  rows  of  iron  colamns,  ranning  parallel  to  the  sides  of  the  room, 
voald  collectively  act  almost  like  a  solid  wall  towards  electro-dynamic 
action,  so  that  the  available  width  of  the  room  was  only  8.5  meters.  All 
pendent  gaa-fittings  were  removed,  and  the  room  left  empty,  with  the 
eiceptioQ  of  wooden  tables  and  forms,  which  would  not  exert  any  ap- 
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jireciable  disturbing  effect.  The  cud  w.ill,  from  wliicli  tlie  waves  were 
to  Ik  relicctt'ii,  was  of  solid  KauiUtone,  with  two  doors  in  it,  and  tbe 
iiunicrous  gan  iiii>e;j  lUtaclied  to  it  ti^iivti  it.,  to  a  certain  cztCDt,  tbe 
character  of  a  couductirig  surface,  and  this  was  iiicreiised  by  fdatening 
to  it  a  sheet  of  zinc  4  meters  high  nnd  2  meters  broad,  connected  by 
wires  to  the  ga»-iiijieB  itnd  a  ueigbboring-water-[)ipe.  Special  care  was 
taken  to  provide  an  escape  for  the  electricity  at  the  apper  and  lower 
extremities  of  the  zinc  plate,  where  acertaiu  accumulation  of  electricity 
was  to  be  ei:]>oi;tfd. 

The  primary  conductor  was  the  same  that  was  employed  in  the  ex- 
periments last  described,  and  was  placedat  a  distance  of  13  meters  from 
the  zinc  plate,  and  therefore  two  meters  from  tbe  wall  at  tbe  other  end 
of  the  room.  The  conducting  wire  was  placed  vertically,  bo  that  thee 
M.  P.'s  to  be  considered  increased  and  diminished  in  a  vertical  direction. 
The  center  of  the  primary  conductor  was  2.5  meters  above  tbe  floor  of 
the  room,  which  left  a  clear  apace  for  tbe  observations  above  the  tables 
and  benches.  The  point  of  intersection  of  the  reflecting  surface  with 
tbe  peqiendicular  from  tbe  center  of  tbe  primary  conductor  will  be  called 
the  point  of  incidence,  and  tbe  experiments  were  limited  to  the  neigh- 
borhood of  this  point,  as  the  investigation  of  waves  striking  tbe  wall 
at  a  considerable  angle  would  be  complicated  by  the  differences  in  their 
polarization.  Tbeplaneof  vibration  was  therefore  parallel  to  tbe  reflect- 
ing surface,  and  tlie  plane  of  the  waves  was  perpendicular  to  it,  and 
piissod  through  (be  point  of  incidence. 

Tbe  secondary  conductor  consisted  of  tbe  circle  of  3a  centimeters 
radius,  which  has  been  already  described.  It  was  movable  about  an  asis 
tbrongh  its  center  jterpcuilicular  to  its  plane,  and  tbe  asis  itself  was 
movable  in  a  liorizontal  i)laue  about  a  vertical  axis.  In  most  of  the 
experiments  tlie  secondary  conductor  was  held  in  tbe  band  by  its 
insulating  wooden  support,  as  this  was  the  most  convenient  way  of 
bringing  it  into  tbe  various  positions  required.  The  results  of  these 
experiments  lioweverhiu!  to  be  checked  by  observations  made  with 
the  observer  atu  greater  distance  from  tbe  secondary,  as  tbe  neighbor- 
bowl  of  his  body  exerted  a  slight  influence  upon  the  phenomena.  The 
8l>arkB  were  distinct  enough  to  be  observed  at  a  distance  of  several 
meters  wlieu  tbe  room  was  darkened,  but  when  the  room  remained  liglit 
they  were  praclieally  invisible  even  when  the  observer  was  quite  close 
to  the  secondary. 

When  the  center  of  the  secondary  was  placed  in  the  line  of  incidence 
and  with  its  plane  in  the  plane  of  vibration,  and  the  air  spae«  was 
turned  lirst  towards  tbe  reflecting  wall  and  then  away  from  it,  a  con- 
siderable diffei-enco  was  generally  observed  in  thestreugth  of  the  sparks 
in  tbe  two  jiositions.  At  a  distance  of  about  0.8  meter  from  tbe  wall 
tbe  sparks  wen'  much  stronger  when  tbe  air  space  was  directed  towards 
the  wall,  ami  its  length  could  be  adjusted  so  that  while  there  was  a 
steady  stream  of  sparks  when  in  this  position,  they  disap|ieared  entirely 
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(then  tlie  air  »pace  w»s  directly  away  from  the  wall.  Tbese  pbeuomeua 
were  rev«;rse(l  itt  a  diatauce  of  .t  iiichTrt,  and  recurred,  an  iu  the  first 
uaae,  at  a  distance  of  5.5  rnctera.  At  a  distance  of  8  tuctcrs  tlie  sparks 
were  stronger  wbcu  ttie  air  space  waa  turned  away  from  tlie  wall,  as  at 
llie  dist^tnce  of  3  meters,  but  the  difference  was  not  bo  well  marked. 
When  the  distance  was  increased  beyond  8  meters  no  further  reversal 
took  place,  owing  to  the  increase  in  tlie  direct  effect  of  tlie  primary 
oscillatiou  and  the  complicated  diiiitribntiou  of  the  E.  M.  F.  in  its  ueigh- 
borhoo<]. 
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The  positions  I,  .II,  and  IV,  (Fig.  12)  of  the  secondary  circle  are 
tlioee  in  which  the  sparks  were  strougest,  the  distsiiiee  from  tbe.watl 
being  sbowu  by  the  horizoDtal  scale  at  the  foot.  When  the  secondary 
circle  was  in  positioas  V,  YI,  and  VII,  the  sparks  were  equally 
Btraog  ill  both  positions  of  tbe  air  space,  aud  qnite  close  to  the  wall  the 
difference  between  the  sparking  in  the  two  positions  again  diminished. 
Therefore  tbe  points  A,  B,  0,  U  iu  tbe  diagram  may  in  a  certain  sense 
be  regarded  as  nodes.  The  distance  between  two  of  these  points  must 
not  however  be  taken  as  the  wave  balf-length,  for  if  all  the  electrical 
■notioQB  changed  tbeir  directions  on  passing  through  one  of  these  points 
tbe  phenomena  observed  iu  the  secondary  circuit  would  be  repeated 
wilhont  variation,  since  the  direction  of  oscillation  in  tbe  air  space  is 
iDdifferent. 

The  conclnsion  to  be  drawn  from  the  experiments  is  that  in  passing 
an;  one  of  tbese  points  part  of  the  action  is  reversed,  while  another 
pirtisnot.  The  experimental  results  however  warrant  tbe  assumption 
that  twice  the  distance  between  two  of  these  points  is  equal  to  the  half 
wave-length,  and  when  this  assumption  is  made  the  phenomena  can  be 
fully  explaioed. 

For  suppose  a  wave  of  E.  M.  F.,  with  oscillations  in  a  vertical  direc- 
u«n,  to  impinge  upon  the  wall,  and  to  be  reflected  with  only  slightly 
■limioished  intensity,  thus  giving  rise  to  stationarj'  waves.  If  the  wall 
•ere  a  perfect  conductor,  a  noile  would  necessarily  be  formed  in  its  sur- 
'we,  for  at  the  boundary  and  in  tbe  interior  of  a  perfect  conductor  the 
S-M.  F.  must  be  infinitely  small.  The  wall  cannot  however  be  cou- 
twlered  as  a  perfect  conductor,  for  it  was  notntetallic  throughout, -and  the. 
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portion  whicli  was  metallic  was  Dot  of  any  great  extent  The  s.  M.  F. 
would  therefore  have  a  floite  value  at  its  snrfaoe,  and  would  be  in  the 
direction  of  the  impingiog  waves.  The  node,  which  in  the  caseofperfiect 
conductivity  would  occur  at  the  surface  of  the  wall,  would  therefore 
actually  be  -situatdd  a  little  behind  it,  aa  shown  at  A  in  the  diagram. 
If  then  twice  the  distance  A  B — that  is  to  say,  the  distance  A  O-is 
half  the  wave-length  the  steady  waves  will  be  as  represented  by  the 
ooDtiDnons  lines  in  Fig.  12.  The  E.  H.  f.'b  acting  on  each  side  of  the 
circles,  iu  the  positions  I,  II,  III,  and  lY,  will  therefore  at  a  given 
moment  be  represented  in  magnitnde  and  direction  by  the  arrows  on 
each  side  of  them  in  the  diagram.  If  therefore  in  the  neighborhood 
of  a  node  the  air  space  is  turned  towards  the  node,  the  strongest  B.  M.  F. 
in  the  circle  will  act  uuder  more  favorable  conditions  against  a  weaker 
one  nnderless  favorable  conditions.  If  however  the  air  space  is  turned 
away  from  the  node,  the  stronger  g.  h.  F.  acts  under  less  favorable  con- 
dittoDB  against  a  weaker  one  under  more  favorable  conditions.  In  the 
latter  case  the  resultant  action  must  be  less  than  in  the  former,  which- 
ever of  the  two  B.  H.  P.'s  has  the  greater  effect,  which  explains  the 
change  of  sign  of  the  pbeuomenon  at  each  quarter  wave-length. 

This  explanation  is  further  confirmed  by  the  consideration  that  if  it  is 
the  true  one,  the  change  of  sign  at  the  pointe  B  and  D  must  take  place 
in  quite  a  different  manner  from  that  of  the  point  ti.  The  B.  H.  p.'s, 
acting  OD  the  secondary  circle,  in  the  positions  V,  VI,  and  VII,  are 
shown  by  the  corresponding  arrows,  and  it  is  clear  that  in  the  positions 
B  and  D,  if  the  air  space  is  turned  from  one  side  to  the  other,  the  vibra- 
tion will  change  its  direction  ronnd  the  circle,  and  therefore  the  spark- 
ing must  daring  the  rotation  vanish  either  once  or  an  uneven  number 
of  times.  In  the  position  C,  however,  the  direction  of  vibration  remains 
unaltered,  and  therefore  the  sparks  mnst  disappear  an  even  nomber  of 
times,  or  not  at  all. 

The  experiments  showed  that  at  B  and  D  the  sparking  diminished  as 
the  air  space  receded  from  a,  vanished  at  the  highest  point,  and  again 
attained  its  original  value  at  the  point  /?.  At  O,  on  the  other  hand, 
the  sparking  continued  throughout  the  rotation,  being  a  little  stronger 
at  the  highest  and  lowest  points.  If  then  there  is  any  change  of  sign 
in  the  position  O,  it  must  occur  with  very  much  smaller  displacemeuts 
than  in  other  positions,  so  that  in  any  case  there  is  a  distinction  such 
as  required  between  this  and  the  other  two  cases. 

Another  very  direct  proof  of  the  truth  of  Dr.  Hertz's  presentation  of 
the  nature  of  the  waves  was  obtained.  If  the  secondtuy  circle  lies  in 
the  plane  of  the  waves  instead  of  in  the  plane  of  vibration,  the  B.  h.  f. 
mnst  be  equal  at  all  points  of  the  circle,  and  for  a  given  position  of  the 
air  space,  the  sparking  must  be  directly  proportional  to  its  intensity. 
When  the  experiment  was  made  it  was  found,  as  expected,  that  at  all 
distances  the  sparking  vanished  at  the  highest  and  lowest  points  of  the 
circle,  and  attained  a  maximum  value  at  the  pointy  in  tlie  horicontal 
plane  through  the  point  of  incidence.  :i,CjOO<^Ic 
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Hie  air  space  was  then  placed  at  sach  a  poiut  aod  close  to  tbe  vail 
and  was  then  moved  slowly  away  iVom  tbe  wall,  when  it  was  found  that 
while  there  was  no  sparking  quit«  close  to  the  metal  plate,  it  began  at 
A  very  small  distance  from  it,  rapidly  increased,  reached  a  mazimnm  at 
tbe  point  B,  and  then  diminished  again.  At  C  tbe  sparking  again  be- 
eaine  excessively  feeble,  and  increased  as  the  circle  was  moved  still 
fbrAer  away.  The  sparking continned  steadily  to  increase  after  this, 
u  the  motion  of  tbe  circle  was  continued  in  the  same  direction,  owing, 
aa  before,  to  the  direct  action  of  tbe  primary  oscillation. 

Tbe  cnrves  shown  by  the  continuous  lines  in  Fig.  12  were  obtained 
&om  tbe  resaltfl  of  these  experiments,  the  ordinates  representing  the 
intensity  of  the  sparks  at  the  distances  represented  by  the  correspond- 
ing absciasse. 

The  existence  in  the  electrical  waves  of  nodes  at  A  and  O,  and  of 
loopa  at  B  and  D,  is  fnlly  established  by  the  experiments  which  have 
been  described ;  bnt  in  another  sense  the  points  B  and  D  may  be  re- 
garded as  nodes,  for  they  are  the  nodal  points  of  a  stationary  wave  of 
magOBtic  indnctlon  which,  according  to  theory,  accompanies  the  elec- 
tnal  wave  and  lags  a  qanrtcr  wave-length  behind  it. 

This  can  easily  be  shown  to  follow  from  the  experiments,  for  when  the 
B«condary  circle  is  placed  iu  tbe  plane  of  vibration  with  the  air  space 
at  its  highest  point,  there  will  be  no  sparking  if  the  B.  H.  F.  is  aniform 
tliTDSghout  tbe  space  occnpied  by  tbe  secondary.  This  can  only  take 
place  if  the  e.  m.  p.  varies  from  point  to  point  of  the  circle,  and  if  its 
mtegal  ronnd  the  circle  differs  from  zero.  This  integral  is  proportional 
to  the  number  of  magnetic  lines  of  force  passing  backwards  and  ft>r- 
irards  across  the  circle,  and  the  intensity  of  the  sparks  may  be  consid- 
ered as  giving  a  measure  of  tbe  magnetic  indoction,  which  is  perpen- 
diealar  to  the  plane  of  the  ciicle.  Now  in  this  position  vigorons 
sparking  was  observed  close  to  the  wall,  diminishing  rapidly  to  zero 
as  the  point  B  whs  approached,  then  increasing  to  a  maximum  at  0, 
Ming  to  B  well-marked  minimam  at  D,  and  finally  Increasing  contina- 
onaly  as  the  secondary  approached  still  nearer  to  the  primary.  If  the 
intensities  of  these  sparks  are  taken  as  ordinates,  positive  and  negative, 
and  tbe  distances  from  tbe  wall  as  abscissie,  the  curve  shown  by  the 
dotted  lines  iu  Pig.  12  is  obtained,  which  therefore  represents  tbe  mag- 
netic waves. 

The  phenomena  observed  in  the  first  series  of  experiments  described 
in  this  paper  may  therefore  be  regarded  as  due  to  the  resultant  electric 
and  magnetic  actions.  The  former  changes  sign  at  A  and  C,  the  latter 
St  Band  D,  so  that  at  each  of  these  points  one  part  of  the  action  changes 
Mgn,  while  the  other  does  not,  and  therefore  tbe  resnltant  action,  which 
is  their  product  mast  change  sign  at  each  of  these  points,  as  was  found 
to  be  the  case. 
When  the  secondary  circle  was  in  the  plane  of  vibration  the  sparking 
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ill  tUe  vicinity  of  llie  wall  was  observed  to  be  a  maximum  on  tlie  side 
towards  tliu  wull,  aiitl  a  luiiiimiim  at  tbe  oi)i>08ite  (side,  and  as  the  circle 
was  turned  from  oiiu  jiOHitiuii  to  tbo  otlier  tbere  was  foaud  to  be  qo 
poiutat  wbicli  tliu sparks dis!4)|>eared.  AstUedistitnccfrom  tbe  wall  was 
increased,  tbe  sparks  on  the  reiiioto  side  gradually  became  weaker,  and 
vanished  at  adistance  of  I. OS  meters  from  the  wall.  Whea  tbe  circle  was 
carried  further  in  tbe  same  direction,  the  sparks  appeared  again  on  tJie 
side  remote  from  the  wall,  but  were  always  weaker  than  on  the  side  next 
to  it;  tbe  sparking  however  no  longer  passed  from  a  maximum  to  a  min- 
imum merely,  but  vanished  during  the  rotation  once  in  the  upper  and 
once  in  the  lower  half  of  tiie  circle.  The  two  uall  points  gradoally  re- 
ceded from  tlieir  original  coincident  positions,  until  at  the  poiot  B 
they  occurred  at  tbe  higho.-it  and  lowest  points  of  tbe  circle.  As  the 
circle  was  moved  further  in  tbe  same  direction,  the  null  jioints  passed 
over  to  tbe  side  next  to  the  wall,  and  approached  each  other  again, 
until  when  tbo  center  was  at  a  distance  of  2.;t3  meters  from  the  wall  tbe 
two  null  points  wei'e  again  coincident,  ii  must  be  exactly  half-way  be- 
tween this  itoint  and  tbe  similar  point  previously  observed,  which  gives 
1.72  meters  aa  the  distance  of  B  from  the  wall,  a  result  which  agrees, 
within  a  few  centimeters  with  that  obtained  by  direct  observatton. 
Moving  further  in  the  direction  of  G,  tbe  sparking  at  different  points  of 
tbe  circle  became  more  nearly  erjnal,  until  at  C  it  was  exactly  so.  In 
this  position  there  was  no  null  ])oint,  and  as  the  distance  was  further 
increased  the  phenomena  recurred  in  the  same  order  as  before. 

Dr.  Hertz  found  tliat  the  position  of  C  could  be  determined  within  a 
few  centimeters,  the  determinations  of  its  distance  from  tbe  wall  vary- 
ing from  4.10  to  4.15  meters;  be  gives  its  most  probable  value  as  i.12 
meters.  The  point  B  could  not  be  observed  with  any  exactness,  the 
direct  detenu  in  at  ions  varying  from  0  to  7.5  meters  as  its  distance  from 
the  wall.  It  ciniid  liowcver  be  determined  indirectly,  for  tbe  distanoe 
between  B  and  0  being  found  to  be  2.4  meters,  taking  this  as  the  true 
value,  A  must  have  been  O.CS  meter  behind  the  surface  of  the  wall,  and 
G.52  meters  in  front  of  it.  The  half-wave  length  would  be  4.8  meters, 
and  by  an  indirect  method  it  was  found  to  be  4.5  meters,  so  that  the 
two  results  agree  fairly  well.  Taking  the  mean  of  these  aa  the  true 
value,  and  the  velocity  of  light  as  the  velocity  of  propagation,  gives  as 
the  vibration  period  of  (he  ap|iaratns  1.55/  bund  red-million  tlis  of  a  sec- 
ond, instead  of  1.4/  hundred-milliontbs,  which  was  tbe  theoretically  cal- 
culate*! value. 

A  second  series  of  experiments  wore  made  with  a  smaller  apparatas, 
and  though  the  measurements  conid  not  be  made  with  as  much  exact- 
ness as  those  already  described,  the  results  showed  clearly  that  the 
position  of  tbe  nodes  depends  oidy  on  the  dimensions  of  the  conductors 
and  not  on  the  material  of  the  wall. 

Dr.  Hertz  states  that  after  some  practice  be  succeeded  in  obtaining 
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iudifstiong  of  reflection  from  each  of  the  walls.  He  was  also  able  to 
obUin  distinct  evidence  of  retlecliou  from  one  of  the  iron  columns  in  the 
room,  and  of  the  existence  of  electro  dynamic  shadows  on  the  side  of 
ilie  column  remotu  from  the  primary. 

hi  the  preceding  experimenta  the  secondary  conductor  was  always 
l>Iac«l  between  the  wall  and  the  primary  condnctor; — that  is  to  say,  in 
a  spice  in  which  the  direct  and  rellecte<l  ra^s  were  travelliog  in  oppo- 
site directions,  and  gave  rise  to  stationary  waves  by  their  interference. 

He  nest  placed  the  primarj' conductor  between  the  wall  and  the  sec- 
vndary,  so  that  the  latter  was  in  a  space  in  which  the  direct  and  re- 
ticcted  wavea  were  traveling  in  the  same  direction.  This  wonhl  neces- 
sarily give  rise  to  a  resultant  wave,  the  intensity  of  which  would  depend 
on  the  difference  in  phase  of  the  two  interfering  waves.  In  order  to 
obtain  distinct  results  it  was  necessary  that  the  two  waves  should  be 
of  approximately  eqnal  intensities,  and  therefore  the  distance  of  the 
primary  from  the  wall  had  to  be  small  in  comparison  with  the  extent  of 
tbe latter,  and  also  in  comparison  with  its  distance  from  the  secondary. 

Tofulflll  these  conditions  the  secondary  was  placed  at  a  disadvantage 
of  14  meters  from  the  reflecting  wall,  and  therefore  abont  1  meter 
from  the  opjiosite  one,  with  its  plane  in  the  plane  of  vibration,  and  its 
lir  space  directed  towanis  the  nearest  wall,  in  order  to  make  the  eon- 
ditioDs  as  favorable  as  possible  for  the  prodnction  of  sparks.  Tho 
primary  was  placed  parallel  to  its  former  position,  and  at  a  perpendic- 
ular distance  of  about  30  centimeters  from  the  center  of  the  reflecting 
metallic  plate.  The  sparks  observed  in  the  (secondary  were  then  very 
f«tble,aDil  the  air  space  was  increased  until  they  disappeared.  Tho 
primary  conductor  was  then  grttdnally  moved  away  from  tbe  wall,  when 
irojated  sparks  were  soon  observed  in  tbe  secondary,  passing  into  a 
cootioaons  stream  when  the  primary  was  between  1.6  and  2  meters  from 
the  waU;— that  is,  at  the  point  B.  This  might  have  been  supposed  to 
be  doe  to  the  decrease  in  the  distance  between  tlie  two  conductors,  ex- 
cept that  as  the  primary  conductor  was  moved  still  further  from  the 
•all  thesparkiDg  again  diminished,  and  disap|)eared  when  the  primary 
"as  at  the  [>oint  0.  After  passing  this  point  the  sparking  continually 
moeaaed  as  the  primary  approached  nearer  to  the  secondary.  These 
aperiments  were  found  to  l>e  easy  to  repeat  with  smaller  apparatus,  and 
tbe  regnlta  obtained  confirmed  the  former  conclusion,  that  the  position 
of  the  nodes  depends  only  on  the  dimensions  of  the  conductor,  and  not 
M  the  material  of  the  reflecting  wall.  ^ 

I^-  Ilertz  points  out  that  these  phenomena,  which  are  exactly  anal- 
ogeog  to  the  acoustical  experiment  of  approiiching  a  vibrating  tuning- 

lorli  to  a  wall,  when  the  sound  is  weakened  in  certain  positions  and 
"trengthened  in  others,  and  also  to  the  optical  phenomena  illustrated  iii 
^'oyd'sformofFresuel's  mirror  experiments;  and  as  these  are  accepted  as 

''KonieiitB  tending  to  prove  that  sound  and  light  are  due  to  vibration,  his 
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iuvestigations  give  a  stroDg  support  to  tbe  theory?  that  the  propagatiCHi 
of  eleotro-Diagnetic  iuductioo  also  takes  place  by  means  of  waves.  They 
therefore  afford  a  coDfirmation  of  tbe  Faraday-Maxwell  tiieory  of  elec- 
trical action.  He  points  out  however  that  Maxwell's,  in  common  with 
other  electrical  theories,  leads  to  the  couclusioa  that  dectricity  tfavela 
through  wires  with  the  velocity  of  light,  a  conclusion  which  his  experi- 
mcDte  show  to  be  uutrue.  He  states  that  he  ioteuds  to  make  this  oim- 
tradictioD  between  theory  aud  experimeat  tbe  subject  of  further  iovea- 
tigatioU. 
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BEPETITION  OF  HEKIZ^  EXPERIHENT8, 

AJID  DETERMraATION  OF  THE  DIBECTION  OP  THE  VIBSATIOH  OF  LIGHT." 

By  Fbedbbiok  T.  Tboutoh. 

Since  last  October  (1888),  Frofeasor  Fitzgerald  aad  I  have  been  re- 
peating some  of  Professor  Hertz's  ezpetimeDta,  aa  occaaioo  allowed, 
and  it  may  Dot  be  without  interest  at  ^e  present  time  to  give  a  short 
aeconnt  of  oar  work. 

The  first  experiment  tried  was  the  int«rfereDoe  of  direct  electro-mag- 
Qede  isdiatioii  with  that  reflected  from  a  metallic  sheet.  Tliis  experi- 
meat  is  analogoos  to  that  knowu  iu  optics  as  "  Lloyd's  experiment.'' 

The  radiation  was  prodnoed  by  disturbances  caused  ia  the  sorround- 
ing  space  by  electrical  osoiUatioDB  iu  a  condactor.  It  was  arranged  in 
tbit  wise.  Two  thin  brass  plates,  aboat  40  centimeters  sqaare,  were 
inspended  by  silk  threads  at  aboat  60  oeotimelers  apart,  so  as  to  be  iu 
the  same  plane.  Each  plate  carried  a  stiff  wire  famished  at  the  end 
with  a  brass  knob.    The  knobs  were  abont  3  millimeters  apart,  so  that 
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■HI  electrifying  one  plate  a  spark  coald  easily  pass  to  the  other.  This 
spark,  as  is  well  known,  consists  not  simply  of  a  transference  of  half 
the  electricity  of  the  first  plato  to  the  second — though  this,  which  is 
the  final  state,  is  all  that  is  observable  by  ordinary  experimental  metb- 
od»— but  the  whole  charge  passes  across  to  the  second  plate,  then  re- 
tonu,  and  so  on,  pendulnm-fashion,  the  moving  part  of  the  charge 
becoming  less  each  time,  till  finally  brought  to  rest,  the  energy  set  {Tee 
»t  apa^ng  being  converted  partly  into  heat  in  the  wire  and  air  break, 
partly  into  radiation  into  space,  or  in  terms  of  action  at  a  distance  iu 
inducing  cnrrenta  iu  other  bodies. 

The  time  taken  by  the  charge  to  pass  over  to  the  second  plate  and  to 
retDm,  is  a  definite  thing  for  a  given  sized  arrangement,  and  depends 
00  the  connection  between  them.  If  0  be  the  capacity  of  the  plates, 
and  I  the  self-indnction  of  the  connection,  the  time  of  each  complete 
<MciUation  equals  2)r  V  (01).    Tbe  time  in  the  case  of  the  pardcalar  »r- 
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raiigement  usi'il  is  (apeaking  roughly)  about  the  ju-uuV.iFini  (one/t4iirty- 
iDilUonth)  of  a  secotul. 

If  there  be  coudnetors  in  the  iittighborhood  of  this  "  vibrator,"  cnr- 
rents  will  as  usual  be  induced  in  each  on  every  passage  of  the  charge 
between  the  plates,  each  passage  serving  simply  as  a  primary  current. 

"Sow,  speaking  briefly,  the  whole  object  of  the  experiment  is  to  find 
out  if  these  iniluced  currents  tatie  \>iiuie  simultaneously  in  eoudnctore 
situated  at  various  distances  from  the  primary  curn>ut,  and  if  not,  to 
determine  the  delay.  In  order  to  do  this  we  must,  in  the  first  place,  be 
possessed  of  some  menus  of  even  ascertaining  that  these  currents  occar, 
all  ordinary  metbwls  beinf;  inadequate  for  detecting  currents  lasting 
only  for  such  exceedingly  short  periods  as  these  do.  By  devising  how 
to  determine  the  existence  of  these  currents.  Hertz  made  the  esperi- 
ment  possible. 

His  metboil  depends  on  the  principle  of  resonance,  previously  sug- 
gested by  Fitzgerald,  and  his  current-observing  apparatus  is  simply  a 
conductor,  generally  a  wire  bene  into  au  unclosed  circle,  which  is  of  such 
a  length  that  if  a  current  be  induced  in  it  by  a  passage  of  a  charge 
across  the  "  vibrator  "  Hie  return  current  or  rush  back  of  the  electricity 
thus  produced  in  the  ends  of  the  wire  occurs  simultaneously  with  the 
nest  impulse,  due  to  the  pas.sage  back  across  the  "  vibrator." 

In  this  way  the  current  in  tlie  "  resonator  "  increases  every  time,  so 
that  at  last  the  end  charges,  which  are  always  of  opposite  sign,  grow 
to  be  so  great  that  sparks  will  actually  occur  if  the  ends  of  the  wire  are 
brought  near  together.  Thus  Hertz  surmounted  the  difficulty  previonsly 
experienced  by  Fitzgerald  wiieu  proposing  electromagnetic  interference 
experiments. 

The  timcof  vibration  in  this  circle  is,  as  before,  2n-V(Cl),batonaccoant 
ofdifficulttesincalculatingtbesequantities  themselves,  the  length  of  the 
wire  is  most  readily  found  by  trial.  To  suit  the  "  vibrator"  wea8ed,it 
was  about  210  centimeters  of  wire  No.  17.  The  ends  of  the  wire  were 
furuisbed  with  small  biass  knobs,  which  conid  be  ailjnsted  as  to  dis 
tance  between  them,  by  a  screw  arrangement,  the  whole  being  monuted 
on  a  cross  of  wood  for  convenience  in  carrying  about. 

At  first  sight  tho  .simplest  "  resonator"  to  adopt  would  seem  to  be 
two  more  plates  arrangedsiniilarly  to  the  "vibrator,"  but  it  will  be  seen 
on  consideration  that  it  would  not  do,  because  no  break  for  seeing  the 
sparking  could  bo  put  between  the  plates,  for  if  it  were,  the  first  in- 
duced current  would  be  too  feeble  to  jump  the  break,  so  that  the  re- 
enforcement  singe  could  never  begin.* 

The  charging  of  the  "vibrator"  was  efl'ected  by  connecting  the  ter- 
minals of  an  induction-coil  with  the  ])Iate».  In  this  way  a  continnons 
shower  of  sparks  conld  be  oblnined  in  the  resonating  circle. 

■  However,  two  pnire  nrrangeil  in  line,  tlio  pairs  connected  by  a  wire,  oould  prob- 
ably be  i^ot  to  iipnrk  l)et<voeD  tbe  i 
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Tbe  circle  io  tbe  ioterference  experiment  vas  held  iu  the  horizoutal 
plane  containing  the  axis  of  the  "  ribrator,"  tbe  ends  of  the  circle  of 
Tire  being  io  anch  a  position  that  a  line  joining  the  knobs  was  at  right 
angles  to  tbe  "  vibrator."    In  this  position  only  the  magnetic  part  of 


the  distarbance  conid  affect  tbe  circle,  the  "  magnetic  lines  of  force," 
which  are  concentrio  circles  about  tbe  axis  of  the  "  vibrator,"  passing 
thnmgh  the  "resonator"  circles. 

When  the  knobs  of  tbe  circle  are  brought  ronud  tbrongh  9<P,  so  as 
to  be  parallel  to  the  '*  vibrator,"  tbe  electric  part  of  tbe  disturbance 
comes  into  play,  the  electric  lines  of  force  being,  on  tbe  whole,  parallel 
to  the  axis  of  tbe  "  vibrator."  The  electric  action  alone  can  cause  a 
forced  vibration  in  the  knobs,  even  when  the  connecting  wire  is  re- 
moved, if  placed  fairly  close  to  the  "  vibrator." 

Again,  if  the  knobs  be  kept  iu  this  position,  but  the  circle  be  turned 
tlirough  90°,  BO  that  its  plane  is  vertical,  only  tbe  electric  part  cauaut, 
tiie  magnetic  lines  of  force  Just  grazing  the  circle.  Iti  this  way  the  dis- 
torbance  can  be  annlyzed  into  its  magnetic  and  electric  constituents. 

Lastly,  if  tbe  knobs  be  in  the  first  position,  while  the  circle  is  vertical, 
thwe  will  be  no  action. 

To  exhibit  these  alone  forms  au  interesting  set  of  experiments.  It 
also  makes  a  very  simple  and  beautiful  experiment  to  take  a  wire 
twice  as  long  and  fix  it  iustead  of  tbe  first,  but  with  two  turns  instead 
of  one;  no  sparking  is  then  found  to  occur.  This  is  of  course  qnite 
opposed  to  edl  ordinary  notions,  double  the  number  of  turns  being 
alvays  expected  to  give  double  the  electro-motive  force.  In  this  way 
the  reality  of  tbe  resonance  is  easily  showu. 

hterference  experiment. — The  sparking  of  course  becomes  less  in- 
t£DBe  as  the  resonator  is  carried  away  from  the  "  vibrator,"  but  by 
wreving  the  kngbs  nearer  together  it  was  possible  to  get  sparks  at  6 
anil  7  meters  away.  On  bringing  a  large  sheet  of  metal  (3  meters  square, 
cousisting  of  sheet  zinc)  immediately  behind  tbe  "  resonator,"  when  in 
sparking  position,  the  sparking  increased  in  brightness,  and  allowed 
thekuobs  to  be  taken  further  apart  without  the  sparking  ceasing;  but 
when  the  sheet  was  placed  at  about  3.5  meters  fhrther  back,  the  spark- 
H.  Mis.  224 13 


194  hertz's  bbbbasches  ok  electbical  waves. 

ing  ceased,  and  could  not  be  obtained  again  by  screwing  ap  the  knobs. 
On  the  other  hand,  when  the  sheet  was  placed  at  doable  this  distance 
(about  5  meters),  the  sparking  was  slightly  greater  than  without  tin 
sheet. 

Now  these  three  observations  canouly  be  explained  by  the  interference 
and  re-enforcement  of  a  direct  action  of  the  "  vibrator "  with  one  re- 
flected fh>tu  the  metallic  sheet,  and  in  addition  by  the  snpposition  that 
the  action  spreads  out  &om  the  vibrator  at  a  finite  velocity.  Accord- 
ing to  this  explanation,  in  the  first  position  the  reflected  part  combines 
with  the  direct  and  reinforces  its  effects.  In  the  second  position  (that 
of  no  sparking),  the  reflected  effect  in  going  to  the  sheet  and  returning 
has  taken  half  the  time  of  a  complete  vibration  of  the  "  vibrator,"  and 
so  Is  in  the  phase  opposite  to  the  incident  wave,  and  consequently  inter- 
feres with  it. 

If  It  were  possible  to  tell  the  direction  of  the  current  in  a  "  resona- 
tor "  at  any  moment,  then,  by  employing  two  of  them,  and  placing  one 
just  BO  much  beyond  the  other  that  the  currents  induced  in  them  were 
always  in  opposite  directions,  we  would  obtain  directly  the  half-way 
length.  Kow  by  reflection,  we  virtually  are  put  in  possession  of  two 
*<  resonators,"  which  we  are  enabled  to  place  at  this  distance  ai)art,  al- 
though unable  to  tell  more  than  whether  there  be  a  current  or  not. 

The  distance  from  the  position  of  interference  to  the  sheet  is  a  qaar- 
tar  of  the  wave-length,  being  half  the  distance  between  th«se  simulta- 
neous positions  of  opposite  effects. 

In  the  third  position,  the  reflected  wave  meets  the  effect  of  the  next 
current  but  one,  in  the  '*  vibrator,"  after  the  current  it  itself  emanated 
from,  and  since  these  two  currents  are  in  the  same  direction,  their  effects 
re-enforce  each  other  in  the  "  resonator.''  This  occurs  at  half  the  wave- 
length from  the  sheet. 

The  first  two  observations  alone  could  be  explained  by  action  at  a 
distance,  by  supposing  the  corrents  induced  in  the  metallic  sheet  to 
oppose  the  direct  action  in  the  "resonator"  everywhere,  and  by  also 
supposing  that  in  the  immediate  neighborhood  of  the  sheet,  the  direct 
action  is  overmastei-ed  by  that  from  the  sheet,  while  at  2.5  meters  away 
the  two  Just  neutralize  each  other. 

On  this  explanation,  at  all  distances  further  the  direct  action  should 
be  opposed  by  that  from  the  sheet.,  so  that  the  fact  of  being  increased 
at  5  meters  upsets  this  explanation.  Again,  behind  the  sheet,  evidently 
on  this  supposition,  the  two  actions  should  combine  so  as  to  inorease 
the  sparking,  but  instead  of  this  the  sparking  was  found  to  cease  on 
placing  the  sheet  in  front  of  the  "  resonator." 

.  In  performing  these  experiments,  the  "  resonator  "  circle  was  always 
placed  in  the  position  in  which  only  the  magnetic  part  of  the  dtsturb- 
ance  bad  effect.  Hertz  hanalso  used  the  other  positions  of  the  resonat- 
ing circle,  whereby  ho  has  observed  the  existence  of  au  electric  dis- 
tnrlmnce  coincident  with  the  magnetic  one,  the  two  together  forming 
the  complete  electro-magnetic  wave.  .Cooi^le 
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OrdiDHry  masonry  walls  were  fouud  to  be  transparent  to  radiation  of 
this  wave-lengtti  (that  is,  of  about  10  inet«r8),  and  some  visitors  to  the 
openiDg  meeting  of  the  Dnbliii  University  Experimental  Society,  laat 
yovember,  were  mach  astonished  by  seeing  the  sparking  of  the  resonating 
circle  ont  in  the  College  Park,  while  the  vibrator  was  in  the  laboratory. 

Attempts  were  first  made  last  December  to  obtain  redeetion  from  the 
surface  of  a  non-conductor,  with  the  hope  of  deciding  by  direct  experi- 
ment whether  the  magnetic  or  electric  disturbance  was  in  the  plane  of 
polarization;  that  is,  to  find  out  whether  the  "axis of  the  vibrator" 
abould  be  at  right  angles  to  the  plane  of  retlectioD  or  in  it,  wheu  at  the 
polarisiDg  angle,  for  obtaining  a  reflected  radiation.  It  is  to  be  ob- 
served that  in  these  radiations  the  electric  vibration  is  parallel  to  the 
"aiisof  the  vibrator"  while  the  magnetic  is  perpeudicalar  to  it,  and 
that  they  are  conseqoeully  |H>Iarized  in  the  same  sense  as  light  is  said 
to  be  polarized. 

Two  large  glass  doors  were  taken  down  and  used  for  tbis  purpose, 
but  without  snccess;  and  until  lately,  when  reflection  from  a  wall  was 
triad,  the  experiment  seemed  unlikely  to  be  successful. 

In  working  with  the  glass  plate,  the  resonator  circle  was  first  placed 
wiiiattbe  "  vibrator"  had  uo  effect  on  it.  Then  the  glass  plate  was 
carried  into  position  for  reflection,  but  without  result,  though  even  the 
reflection  from  the  attendants  moving  it  was  amply  sufficient  to  be 
eami;  detected. 

To  obviate  a  difficulty  arising  from  the  fact  that  the  wave  was  diverg- 
ent, we  decided  to  try  Hertz's  cylindrical  parabolic  mirrors,  for  concen- 
trating the  radiation.  Two  of  these  were  made  with  sheets  of  zinc 
nailed  to  wof>den  frames,  cut  to  the  parabolic  shape  required. 

In  the  "focal  line"  (which  was  made  12.6  centimeters  from  the  vertex) 
ofoneof  these,  a  "vibrator"  was  placei),  consisting  of     ^     wt    , 
two  brass  cylinders  in  line,  each  about  12  centimeters 
loDgaadSceutimeters  in  diameter,  rounded  at  the  spark- 
ing ends. 

In  order  that  the  "  resonator"  wire  may  lie  in  the  "  focal 
line''of  the  receiving  mirror,  it  has  to  be  straight;  tbis 
necvsBitates  having  two  of  them.  They  each  consist  of 
a  thick  wire  50  centimeters  long,  lying  in  the  "  focal  line," 
and  of  a  tbin  wire,  15  centimeters  long,  attached  to  one 
end  at  right  angles,  and  which  passes  out  to  the  back  of 
the  mirror  through  a  hole  in  the  zinc,  where  the  sparking 
can  be  viewed,  without  obstructing  the  radiation  in  front. 
The  total  length  of  each  "  resonator  "  is  about  two  wave- 
lengths, the  wave-length  being  about  33  centimeters,  so 
that  it  may  be  that  there  are  two  vibrating  segments  in 
«wih  of  these  "  resonators." 

With  this  apparatus  it  is  possible  to  deal  with  definite  '~ 

angles  of  incidence.     No  effect  was  obtained  with  glass  plates  using 
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these  mirrors,  whether  the  "  vibrator"  was  perpendicnlar  to  the  plaoe 
of  reflection  or  in  it  But  with  a  wall  3  feet  thick  reflection  was  ob- 
tained, when  the  "  vibrator"  was  perpendicular  to  the  plane  of  reflec> 
tion;  but  none,  at  least  at  the  polarizing  angle,*  when  turned  tbrongh 
90°  so  as  to  be  in  it. 

This  decides  the  point  in  question,  the  magnetic  distarbanoe  being 
found  to  be  in  the  plane  of  polarization,  the  electric  at  right  angles. 
Why  the  glass  did  not  reflect  was  probably  dae  to  its  thinness,  the  re- 
flection from  the  front  interfering  with  that  from  the  back,  this  latter 
losing  half  a  wave-length  jn  reflection  at  a  surface  between  a  dense  and 
a  mre  medium  ;  and,  as  Mr.  Joly  {minted  out,  is  in  that  case  like  the 
black  spot  in  ^N^ewton's  rings,  or  more  exactly  so,  the  black  seen  in  very 
thin  soap-bubbles. 


Hertz  has  point«d  ont  several  important  things  to  be  gaaided 
against  in  making  these  experiments.  Ultra-violet  light,  for  exam- 
ple, falling  ou  the  "vibrator,"  prevents  it  working  properly,  thespark- 
ing  in  the  resonator  ceasing  or  becoming  poor.  Also  the  knobs  of  the 
"vibrator"  must  be  cleaned  of  burnt  metal,  and  [Kilished  every  quMt«r 
of  an  hour  at  least,  to  prevent  a  hke  result 

Both  these  efTeets  probably  arise,  as  suggested  by  Mr,  Fitzgerald, 
from  a  sort  of  initial  brash  discharging  (either  ultra-violet  light  or 
points  being  capable  of  doing  this),  which  prevents  the  discharging  im- 
pulse being  sufBcientty  sudden  to  start  the  oscillation  in  the  "vibts- 
tor."  For  to  start  a  vibration,  the  time  of  impulse  must  be  short  com- 
pared with  the  time  of  oscillation.  These  precautions  therefore  become 
especially  needful  when  working  with  small-sized  "  vibrators."  Possibly 
charging  the  "vibrator"  very  suddenly,  after  the  manner  of  one  of 
Br.  Lodge's  anti-lightniiig-roil  experiments,  would  save  the  irksome 
necessity  of  repeatedly  cleaning  the  knobs  of  the  "  vibmtor." 

Several  important  problems  seem  tn  be  quite  within  reach  of  solution 
by  means  of  these  ITertziau  waves,  such  for  instance  as  dispersioD* 
Thus  it  could  be  tried  whether  placing  between  the  reflector  and  (he 
"resonator" conducting  bodies  of  nearly  the  same  period  of  vibration 
as  the  waves  used  would  necessitate  the  position  of  the  "  resonator" 


*  Slight  reflectiou  was  obtaiueil  at  a 
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being  cbauged  bo  as  to  retain  complete  interfereuce.  Or  again, 
whether  intersperaiag  throagbout  the  mass  of  a  large  Hertzian  pitcli- 
pmm,  coDtlnctors  with  Dearly  the  same  period  wonld  alter  the  angle 
of  refhtction.  Id  some  snch  way  as  this,  anomaloos  diapersion,  with 
its  particular  case  of  ordiuaiy  dispersion,  may  yet  be  successfally 
imitated. 

The  determining  the  rate  of  propagation  throngh  a  large  tile,  or  sheet 
ofgandstODe,  conld  be  easily  made  by  means  of  the  interference  experi- 
ment, by  placing  it  between  the  screen  and  the  "  resonator." 


EXPERIMENTS  ON   ELECTBO-MAGNETIO  RADIATION, 
INCLUDING  SOME  OF  THE  PHASE  OF  SECONDARY  WAVES." 

Id  cont^oaation  of  some  experiments  which  were  described  in  Nature, 
vol.  xxin,  p.  391  ("  Repetition  of  Hertz's  Esperiments  and  Determina- 
tion of  the  Direction  of  the  Vibration  of  Light"],  attempts  were  made  to 
obtain  periodic  reOection  of  electric  radiation  from  plates  of  different 
thicknesses,  analogous  to  Newton's  rings,  with  the  view  of  further 
ideDtifying  these  radiatioDB  with  "  light." 

It  was  there  described  how  a  sheet  of  window -glass  refiised  to  reflect 
the  Hertzian  waves,  but  how  a  masonry  wall  reflected  them  readily. 
The  Don-reflection  from  the  thin  sheet  is  due  to  the  int«rference  of  the 
reflected  waves  from  each  side  which  takes  place  owing  to  a  change  of 
phase  of  half  a  period  on  reflection  at  the  second  surface,  as  in  the  black 
spot  of  Newton's  rings. 

By  making  the  reflection  plate  each  a  thickness  that  the  reflection 
from  the  back  has  to  travel  half  a  wave-length  farther  than  tbat  from 
the  front,  the  two  reflections  ought  to  be  in  accordance,  for  they  differ 
by  a  whole  period,  half  arising  from  difference  in  path,  and  half  from 
cbauge  of  phase  on  reflection ;  but  if  the  difference  in  paths  were  made 
a  whole  wave-length  by  doubling  the  thickness  of  the  plate,  there  ought 
again  to  be  interference,  and  so  on. 

The  first  plan  tried  with  this  end  in  view,  was  to  fill  a  large  wooden 
tank  to  different  depths  with  water  or  other  liquids.  On  gradually  fill- 
ing the  tank  reflection  sbotild  be  obtained,  and  at  a  certain  depth  equal 
^i{i.  aecr)  -r  /<,  reach  a  masimnm;  further  addition  of  the  liquid 
then  should  diminish  the  refiection,  and  at  double  the  above  depth  the 
reflection  should  reach  a  minimnm,  the  two  waves  interfering. 

The  mirrors  for  concentrating  the  radiation  had  for  this  purpose  to 
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be  enspeDded  over  tbe  tank  as  sbown  in  tbe  figure.    Tbe  tank  vas  first 
tried  empty,  bat  UDfortoDately  tbe  wooden  bottom  was  foand  to  reflect, 


thas  it  was  nseleae  for  the  porpose  intended.  I  then  tried  what  ought 
to  have  been  tried  before  constracting  the  tank,  namely — whether  o^ 
dinary  boards,  snch  as  flooring,  reflected.  The  floor  was  fonnd  to 
reflect  readily.  This  was  attribated  to  moistnre  in  the  wood  cansing  it 
to  conduct,  specially  as  wood  was  foond  not  to  polarize  by  reflection. 
Experiments  were  then  undertaken  todetennineif  water  reflected,  even 
Uiongb  in  thin  sheets.  A  large  glass  window  watt  placed  beneath  the 
mirrors  and  flooded  with  water;  this  was  found  to  reflect  well,  both 
when  the  mirrors  were  in  tbe  position  shown  and  when  rotated  to  the 
position  "  at  rigbt  angles."  Thus  water  also  acts  like  a  metal,  reflect- 
ing the  radiation  however  polarized.  The  glass  bad  to  be  hardly  more 
than  damp  to  get  some  reflection. 

The  wooden  tank  being  unsuitable,  a  glass  tank  was  thought  of,  but 
was  given  up  for  solid  paraffine,  which,  being  in  slabs,  could  be  easily 
built  np  into  a  vertical  wall  of  any  desired  tbicknesa.  Throngb  tbe 
kindness  of  Mr.  Uathborne  a  large  quantity  of  this  was  lent  for  the  pur- 
pose. 

A  tbin  sheet  of  paraffine  about  2  centimeters  thick  was  fonnd  not  t« 
reflect,  as  was  expected,  l^est  a  wall  13  centimeters  thick  (180  centi- 
meters long,  120  centimeters  high)  was  tried,  and  fonnd  to  reflect,  this 
being  the  thickness  required  in  order  to  add  another  half  period  to  the 
retardation  of  the  wave  reflecteil  from  the  back  at  an  incident  angle  of 
55°,  the  wave-length  being  taken  as  66  centimeters,  and  the  index  of 
refraction  being  taken  as  1.61,  tbe  square  root  of  2.29,  the  value  taken 
as  the  specific  inductive  capacity  of  paraffine. 

Then  a  wall  twice  tbe  thickness  was  tried,  but  it  also  reflected,  con- 
trary to  expectation.  While  in  doabtas  to  the  canse  of  this,  it  was  de- 
cided to  make  a  determination  by  direct  experiment  of  the  index  of  re- 
fraction of  parafilue  for  these  waves,  by  a  method  snggested  in  Jiatvre 
(vol.  xxxix,  p.  393),  which  cooHists  in  interposing  a  sheet  or  wall  of  par- 
affine between  the  reHonator  and  the  metallic  reflection  in  the  Hertsian 
experiment  of  loops  and  nodes  which  are  formed  by  the  interference  of 
the  reflected  wave  witli  the  direct  radiation ;  the  ratio  of  the  velocity 
in  tbe  wall  to  that  in  the  air  beiiig  easily  found  from  tbe  observed  shift- 
ing of  the  loops  and  nodes  towards  the  screen.  Goo<jlc 
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In  this  way  tbe  index  of  refraction  for  tbe  radiation  of  the  period  em- 
ployed was  fooDd  to  be  abont  1.S,  so  that  the  paraffine  walls  which  bad 
beeo  oaed  were  too  tbiok,  the  proper  thickness  being  about  10  and  20 
MDtimeteia — exactly  so  for  an  incident  angle  of  51<>.  On  making  this 
alteration  I  fancied  I  could  detect  a  slight  difference  between  tbe  re- 
flectiona  from  the  thick  and  thioner  walls;  Btill  the  ditference  was 
Dot  Bofflcient  to  be  at  all  satisfactory.  The  nature  of  the  obsernnff 
appuatns  makee  it  almost  impossible  to  say  if  the  redectioo  on  one  oo- 
casioa  is  more  intem«e  or  less  so  than  on  aoother  so  long  as  sparka  can 
be  obtained.  This  is  due  to  tbe  sparking- point  in  tbe  receiving  appa- 
ntoa  continoally  requiring  re-adjnstment  when  working  with  small 
aparka,  as  tbe  distance  between  them  changes  either  frxtm  shakiag  or 
from  the  points  getting  burnt  up.*  Dust,  aud  moisture  from  the  ob- 
Stfrer's  breath,  are  also  troublesome.  Thus  it  might  be  quite  possible 
that  tbe  points  bad  always  to  be  much  closer  with  tbe  20-centimeter 
wall  than  with  the  10-centimeter  wall  in  order  to  get  sparks,  and  yet 
tbe  difiference  escape  detection ;  tbe  thing  observed  being  whether 
sparks  can  be  obtained  or  not,  theeye  being  incapable  of  comparing  with 
any  degree  of  accuracy  tbe  intensity  of  light  on  one  occasion  with  tbat 
00  another. 

However,  if  it  had  been  possible  to  suddenly  change  tbe  wall,  while 
viewing  tbe  sparking,  from  being  10  to  20  centimeters,  it  wonld  have 
tieen  easy  to  detect  any  difference  which  might  have  existed,  bat  an. 
rortunately  it  took  some  little  time  to  alter  the  wall. 

In  order  to  obviate  this  difficulty  tbe  following  device  was  resorted 
to  with  tbe  object  of  showing  that  there  was  a  difference  in  tbe  be- 
Uvior  of  the  wall  when  10  centimeters  thick  to  its  behavior  when  20 
centimeters  tbick.  (For  at  the  time  I  did  not  see  that  the  experiment 
was  inconclusive,  the  effects  observed  being  tbe  same  whether  the  back 
letlected  at  all  or  not)  A  small  sheet  of  zinc  was  placed  at  the  back 
of  tUe  wall,  and  the  eflect  on  the  sparking  observed  while  an  attend- 
ant suddenly  removed  or  again  replaced  the  zinc.  It  was  supposed 
tbat  when  the  wall  was  20  centimeters  thick,  aud  there  was  sx>arking, 
that  on  suddenly  placing  tbe  zinc  on  the  back  the  sparking  would  in- 
crease, owing  to  the  phase  of -tbe  reflection  from  the  back  being  half 
a  period  different  frxim  that  of  the  reflection  from  the  zinc ;  but  when 
tbe  wall  was  10  centimeters  thick  that  the  presence  of  the  zinc  would 
diminish  tbe  sparking. 

It  was  with  DO  little  surprise  that  tbe  reverse  was  observed.  That 
is  to  say,  placing  a  sheet  of  zinc  about  30  centimeters  square  on  the 
back  of  tbe  wall  actually  aided  tlie  reflection  from  tbe  back  so  as  to 
diminish  the  sparking  with  the  20-centimeter  wall,  but  increasing  it 
with  the  10-centimeter  wall.  This  observation  made  it  look  as  if  it 
most  be  on  the  first  reflection  from  tbe  parafflne(that  is  to  say,  on 

*  Witli  verf  tmall  HpArks  the  therual  expuiaioa  miut  be  ooDoteEacted  by  nasorow- 
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passing  fh>m  a  rare  to  adeose  medium)  that  tfae  "  change  of  phaw" 
occurs,  and  not  at  the  back  (at  a  redection  from  a  dense  to  a  rare  med- 
ium), as  Is  ordinarily  supposed.  For  Hertz's  experiment  of  loops  mi 
nodes  showed  that  there  was  no  change  of  phase  on  metallic  reSectJoo, 
that  is,  of  the  magnetio  displacement ;  there  is  a  change  of  phase  of  the 
electric  displacement.  It  is  importaut  to  bear  in  miud  that  the  electric 
loop  and  the  magnetic  node  occurred  at  the  same  place,  and  of  couise 
so  too  the  eleclnc  node  and  the  magnetic  loop. 

In  order  to  investigate  this,  attempts  were  made  to  obtain  Herts's 
loops  and  nodes  off  a  paraffioe  vail  as  reflector,  bnt  no  reflection  ooald 
be  discovered,  the  intensity  of  the  vertically  reflected  rays  t>eiDg  :d- 
snfficient.  However,  by  niclining  the  incident  radiation  to  an  angleof 
67<^,  the  intensity  of  the  reflection  was  found  to  be  amply  sufficient. 


With  a  circular  resonator,  which  is  for  these  wareA  about  10  centime- 
.  tres  in  diameter,  si>arks  were  obtained  close  to  the  reflector,  the  circle 
being  held  at  right  angles  to  the  vail  so  as  to  be  equally  inclined  to 
both  direct  and  reflected  radiation,  and  this  was  conflrmed  by  astnugbt 
resonator  giving  none  there.  At  30  ceotimoters  from  the  wall*  there 
was  interference  with  tbo  circle,  and  vigorous  sparking  with  tbe 
straight  resonator.  Tbis  being  about  the  right  distance  for  the  loop  to 
be  from  the  reflector  at  an  incident  angle  of  57°, 

^X  =  I  +  I'  =  p  sec  i(i  +  cos  2t)  =  2p  cos  i. 
Thus  there  is  no  doubt  that  it  is  on  the  second  reflection  that  tlie 
change  of  phase  occurs. 

Here  then  was  a  difficulty ;  the  small  sheet  of  zinc  at  the  back  of 
the  paraffin  undoubtedly  reflected  with  a  change  of  phase,  while,  ac- 
cording to  the  Hertzian  exi>eriment,  metallic  reflection  is  unaccompa- 
nied by  change  of  phase.  On  meutiouing  this  to  Professor  Fitzgerald,  he 
pointed  out  to  me  its  complete  agreement  with  wave  theory.  For  by 
considering  the  secondary  waves  produced  by  dividing  up  a  primary 
wave  with  reference  to  any  point  into  half-period  zones,  it  can  be 
teen  that  the  effect  of  the  primary  is  equivalent  to  half  of  that  arising 

*  It  wonld  occur  at  about  17  ceiiliineWrs  on  vertical  Teflectiou.    Tbia  experimeDt 
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from  the  central  circle,  and  in  cousequeace  is  half  a  period  beliind  the 
phase  which  would  be  at  the  point  if  an  infiniteatmal  portion  of  the 
center  alone  acted.  For  the  effect  of  each  ring  can  be  considered  as 
destroyed  by  half  the  effect  of  its  two  neighbors,  and  thus  half  the 


effect  of  the  central  circle  is  left  ancompensated.  Bat  the  distance  of 
the  edge  of  this  circle  is  half  a  wave-length  farther  from  the  point 
than  its  center  is,  so  that  the  resnltant  phase  at  the  point  will  be  be- 
biDil  that  due  to  the  center,  but  in  front  of  that  due  to  the  edge,  which 
effect  would  be  half  a  period  behind  that  arising  from  the  center. 
Taking  the  mean  between  them,  the  resultant  phase  then  at  the  point 
U  a  quarter  of  a  period*  behind  what  it  would  be  if  the  center  alone 
acled.  Thus  it  was  that  the  reflection  from  the  small  sheet  of  sine, 
differed  from  what  I  had  expecte<l  it  to  be. 

Bxperiment  thomng  phase  of  xeeondary  waves. — To  experimentally 
test  this,  the  small  sheet  of  zinc  was  used  as  reflector  in  the  Hertzian 
eiperimeut  of  loops  and  nodes.  Employing  the  circalar  resonator,  the 
position  of  interference  was  found  to  have  shifted  out  from  17  to  over 
31  centimeters,  which  nearly  corresponds  to  an  acceleration  of  phase 
of  a  quarter  of  a  {veriod,  the  wave  going  in  all  nearly  a  quarter  of  a 
wave-length  farther,  and  nevertheless  being  stilt  only  half  a  period 
behind  the  phase  on  starting.  The  farthest  out  the  loop  could  be  is 
^.5  centimeters :  to  obtain  this  would  require  an  iudefiuitely  small  re- 
flector. Of  course,  when  the  resonator  was  close  iu  to  the  sheet,  no 
change  of  phase  was  found  to  occur,  the  sheet  being  then  practically 
infinite. 

Another  interesting  observatiou  was  made.  A  long  sheet  of  zinc, 
30  centimeters  wide,  was  found  to  act  similarly  to  the  sheet  30 
centimeters  square,  provided  it  was  placed  with  its  breadth  parallel  to 
the  electric  displacement.  When  thus  placed  at  24  centimeters  from 
the  circular  "  resouator,"  there  was  interference,  but  on  rotating  the 
reflector  BO  as  its  length  was  parallel  to  the  electric  displacement, 
sparking  occurred,  and  now  th'e  "  resonator"  had  to  be  brought  back 
to  17  centimeters  in  order  to  again  obtain  interference.    This  experi- 

*Tbtt)taicl«dtheb»ck  rather  than  the  front  naa  probabl.Tilue  to  Iheir  pttaae  aat 
'"u>K*nexMit  period  or  half  period  iliffereut  f^m  eaoli  other.  :  ./OoO'^lc 
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meat  ia  ioterestiDg  in  oonneotion  with  the  eleotro-magnetio  way  of 
looking  at  the  Acceleration  of  phase  as  being  due  to  the  aocamalataoos 
of  electricity  on  the  edges  of  the  reflector,  which  Is  the  same  as  the 
reason  why  it  ia  necessary  to  use  lon^  cylindrical  minors,  as  was  pointert 
oDi  by  Professor  Hertz  iu  a  letter  last  February  to  Professor  Fitz- 
gerald. This  experiment  is  really  the  same  as  Stokes's  experimentim 
cmctB,  as  Professor  Fitzgerald  points  out. 

If  instead  of  using  the  whole  primary  wave  in  the  former  experiment, 
it  be  passed  through  a  screen  with  a  hole  in  it  (either  square  or  a 
long  slit  at  right  angles  to  the  electric  displacement),  the  position  of 
int«rrerence,  as  might  be  anticipated,  was  not  shifted  oat  as  macb  as 
before.  In  the  rough  experiment  made,  it  was  found  to  oocar  at  about 
19  centimeters  from  the  screen. 

It  was  now  thought  well  to  repeat  tbe  determinatioa  of  the  index  of 
refraction  with  a  larger  wall  and  metallic  reflector  than  had  been  used 
before,  as  tbis  change  of  phase  might  have  affected  the  former  re- 
sults. But  it  was  found  that  it  had  not  done  so  to  a  sensible  extent 
However,  the  result  of  these  new  experiments  was  finally  to  give  for 
paraffin,  ft  =  1.76,  and  at  the  same  time  it  was  found  that  the  wave- 
length given  by  the  "  vibrator"  was  68  and  not  66  centimeters,  aa  bad 
been  assumed. 

Two  new  knobs  for  tbe  "  vibrator  ^  had  been  made,  and  the  fact  had 
been  overlooked  that  they  were  slightly  larger  than  the  old  ones,  which 
gave  a  wave-length  of  66  centimeters.  These  new  knobs  were  electro- 
plated with  gold,  and  were  a  great  saving  of  trouble,  as  they  could  be 
cleaned  by  merely  rubbing  with  paper ;  apparently,  the  gold  carried 
across  by  tbe  sparkiug  (in  the  form  of  a  black  powder)  coming  ofi^ — 
but  some  may  have  re-burnished  on.  It  was  a  curious  thing  that  if  the 
knobs  were  left  uncleaned  overnight,  the  next  morning  it  waa  very 
hard  to  get  the  black  ofi^ — some  molecalar  change  probably  occur- 
ring. 

If  the  value  of  ft  thus  fonnd  be  not  in  some  way  due  to  tbe  paittffin 
being  in  separate  blocks,  it  would  show  a  remarkable  anomalous  dis- 
persion for  paraffin  near  these  cnriously  slow  vibrations,  and  as  sug- 
gested by  Professor  Fitzgerald,  may  be  connected  with  the  vibration 
X>eriods  of  atoms  in  the  molecale,  as  it  can  hardly  be  connected  with  the 
vibrations  in  the  atoms  themselves.  It  might  be  interesting  to  inves- 
tigate whether  those  slow  vibrations  could  cause  dissociation,  and  thus 
lend  to  a  photographic  method  of  observing  them.  It  may  also  be 
allied  with  ordinary  electrolysis  by  very  long  period  currents,  as  is 
also  suggested  by  Professor  Fitzgerald. 

Assuming  ft  =1.75*  and  A=68  centimet«rs,  tbe  thicknesses  of  the 
walls  in  the  "  Newton's  ring" experiment,  as  above  described, were  wrong. 
However,  it  waa  found  more  convenient  to  alter  the  angle  of  incidence  to 

'This  valoe  agrees  nitb  poUriEBlion  axperimenta.  No  refleotion  «U  obtaioed  st 
iu  correapondiaK  uigle,  while  at  tan-'  l.&L  •ouiesparka  were  <>pcM|w|dly.iOMii 
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sait  the  walls  than  to  cliange  the  thickneBS  of  the  walls.  Tims,  the 
miiTOTS  were  pat  at  25°,  wUich  is  the  proper  angle  with  the  above  data 
for  10  centimeter  and  20  centimeter  walls.  On  now  repeating  the  ex- 
periment, better  resnltfi  were  obtained  than  I  should  have  anticipate*!. 
When  the  wall  was  10  centimeters  tbick,  contiunous  sparking  was 
eatdl;  obtained,  but  when  20  centimeters  thick,  it  was  only  after  macfa 
adjastment  and  patience  that  perhaps  one  slight  spark  conld  be  ob- 
taJDed.  This  was  quite  sufficient,  considering  the  aatnre  of  the  wall,  for 
it  was  only  built  up  of  plates,  which  afforded  internal  reflections,  weak- 
eaiag  the  transmitted  rays,  and  also  since  it  requires  the  sum  of  the 
effect  arising  from  the  multiple  reflections  back  and  forward  inside  the 
trull  to  completely  interfere  with  the  ftoDt,  and  some  of  these  are  lost 
at  the  edge  of  the  beam. 
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PROGRESS  OF  METEOROLOGY  IN  1889. 


By  George  E.  Oubtis. 


L— INSTITUTIONS;  INTEBNATIONAL  POLAB  WOBK;  'NECBOLOGY. 

U.  8.  Signal  0^.— The  work  of  tbe  year  has  been  proaecDted  with 
DO  important  change  in  the  personnel  of  the  o£Qce. 

Profeesor  Abbe  bas  completed  a  report  eotitled  "  Preparatory  Studies 
fw  Dednctive  Methods  in  Storm  and  Weather  Predictioos"  which  ap- 
pears as  appendix  15,  annaal  report  for  1889. 

A  bmited  number  of  lithographic  copies  of  that  portion  ot  the  bibli- 
c^raphy  of  meteorology  covering  temperatare  aiid  moistare  have  been 
issaed  ander  the  editorship  of  Mr.  O.  L,  Faesig,  librarian  and  biblio- 
grapher. 

Ifew  life  bas  been  infused  into  tbe  river  and  flooil  service  by  Pro- 
fesscHT  Rnssellf  to  whom  tbe  work  has  been  intrusted,  and  it  is  now  for 
tbe  Hret  time  being  conducted  from  the  ataud-pdint  of  scientific  hydrol- 
ogy. The  inter-relation  of  rainfall,  evaporation,  and  discharge  has 
been  investigated,  and  the  resnlts,  which  are  of  as  great  value  aa  the 
data  now  at  hand  admit,  are  published  in  appendix  Ifo.  14  of  the  an- 
noat  report. 

The  instrument  division,  nnder  the  direction  of  Professor  Marvin,  ha? 
not  otdy  raised  the  standard  of  the  instrumental  work  of  the  service 
b;  greater  perfection  in  the  details  of  operation,  but  has  accomplished 
mach  valuable  woik,  both  theoretical  and  practical,  in  the  jierfecting 
of  Dew  instrnments,  and  in  tbe  development  of  improved  methods  for 
ihe  redaction  and  treatment  of  inatmniental  records. 

Oapt.  H.  H.  C.  Dnnwoody  has  been  in  the  charge  of  tlie  weekly  weather 
crop  bulletin,  and  of  tbe  work  co-operative  with  tbe  State  weather  ser- 
vices, of  which  latter  the  field  of  operation  and  usefulness  have  been 
Ivgely  extended  during  the  past  few  years. 

A  valuable  compilation  of  tbe  rainfall  statistics  of  the  Pacific  slope 
hag  been  made,  largely  by  Lieut.  W.  A.  Glassford,  and  is  published  as 
>  OoDgtessional  document.    (1888). 

Tbe  weather  forecasts  during  the  year  have  apparently  not  increased 
in  accuracy. 

Blue  Eill  Meteorological  Obaervator]/. — The  observations  for  1887  and 
1888  hare  been  published  in  extenao  in  quarto  form  as  parts  i  and  ii, 
M  XX,  of  the  Annals  of  the  Astronomical  Observatory  of  Harvard 
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College.  Tbe  director,  Mr.  A.  L.  Rotch,  b;  his  own  private  munifioenoe 
in  the  eetabliahmeDt  and  eqaipment  of  tbis  observatory,  has  made  it  a 
model  of  its  kind,  compHrable  with  the  best  observatories  of  foreign 
meteorological  inslitutioDS.  The  personal  iospectioD  of  Enropean  ob- 
seiratories  made  by  Mr.  Botch  has  enabled  bim  to  incorporate  their 
best  features  in  his  own  methods  and  equipment,  and  in  the  form  of 
pablicatioo  of  results.  The  staff  of  tbe  observatory  has  remained  un- 
changed, with  Mr.  H.  Helm  Clayton  as  observer,  and  Hr.  Fergnsson  as 
attftistaot. 

The  present  volumes  contain,  besides  tbe  more  asual  observations 
and  their  summaries,  hoarly  precipitation ;  hourly  wind  azimuths  and 
movements ;  number  of  hours  of  prevalence  of  each  wind  direction; 
daysof  visibility  of  western  mountains;  hourly  suoKhiue;  hourly  clond 
observations  from  8  A.  h.  to  11  p.  m.;  apiteudiccs  in  the  volume  for  1887, 
OOQtaiuiRg  comparisons  of  thermometer  shelters;  investigations  of  nor- 
mal and  abnormal  temperature  differences  between  the  base  and  sum- 
mit; and  meteorogram's  illustrating  special  phenomena.  Of  the  ob- - 
servations  above  enumerated,  the  honriy  cloud  observations  deserve 
special  mention  because  of  the  indefatigable  industry  and  enthusiasm 
necessary  to  their  prosecution,  and  because  of  the  interesting  and  im- 
portant results  that  promise  to  be  developed  from  their  discussion. 

Indian  meteorological  service. — Tbe  Report  on  the  AdministratioD  of 
the  Meteorological  Department  of  the  Government  of  India  iu  1887-*88 
describes  the  actual  working  of  the  department  and  the  condition  of 
tbe  observatories,  and  contaius  extracts  from  the  reports  of  the  inspec- 
tion of  the  stations.  Mr.  Eliot  has  discontinued  solar  and  terrestrial 
radiation  observatione  except  at  a  lew  selected  stations.  The  calcula- 
tioQ  of  daily  averages,  and  the  extension  and  improvement  of  the  meth- 
ods of  collecting  rainfall  data  have  been  undertaken.  Ad  obserratory 
has  been  opened  at  Bagdad,  and  the  question  ol  establishing  one  tf 
Ferim,  at  tbe  entrance  of  the  Red  Sea,  has  been  suggested  by  the  Eng- 
lish Meteorological  Council. 

The  Intematiotutl  Meteorological  Committee  held  a  meeting  at  Zarioh, 
September  3-5, 1888,  at  which  the  following  resolulion  was  adopted : 

"  The  committee,  in  view  of  the  circumHtance  that  the  assembling  of 
an  international  meeting  of  the  same  character  as  the  congress  at  Vienna 
and  Rome  presents  greai  diflSculties,  considers  that  the  commission  it 
received  at  Rome  is  exhausted  and  that  it  ought  to  dissolve  itself. 

"At  the  same  time,  in  order  to  continue  the  relations  between  the 
different  meteorological  organizations  that  have  been  productive  of 
such  good  results  during  a  series  of  years,  the  committee  appoints  a 
small  bureau  with  the  duty  of  using  its  best  endeavors  to  bring  about, 
at  some  convenient  time,  an  international  meutlng  of  representatives  of 
the  different  meteorological  services." 

By  a  subsequent  resolution  the  bureau  was  made  to  consist  of  the 
president  and  secretary  of  the  committee,  Professor  Wild  and  Mr. 
Soott.    {Nature,  ixlTin,  p.  491.)  ;  CoOi^lc 
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71u  third  genertU  asiemblg  of  the  Italian  Meteorological  Society,  which 
a  held  every  Chree  years,  met  id  Veoice  from  14th  to  21st  September, 
1868. 

The  sabjects  of  the  programme  were  divided  into  four  classes : 

(I)  Oeneral  meteorology ;  (2)  agricultural  meteorology  and  phenol* 
ogy ;  (3)  medical  meteorology  aud  hydrology ;  (4)  geodynamics. 

Among  others,  papers  were  presented  npon  the  following  topics: 

Oeueral  meteorology  and  climatology. — New  studies  and  experiments 
of  Prof.  L.  Palmier!  on  the  origin  of  atmospheric  electricity  reported 
b;  Prof  Del  Gaizo,  of  Naples.  Eesults  of  the  magnetic  observations 
coDdncted  at  one  hundred  and  sixty-three  stations  by  P.  Denza.  Be- 
Bolts  of  the  meteorological  observations  made  at  the  saggestion  of  the 
Society  npon  two  Itialian  steamers,  the  Oeiierale SkuA  the  Velooe,  extend- 
ingthrongh  forty-three  voyages  in  1837.  Thehelio-pbotometricobserva- 
tious  of  Prof.  Friedrich  Uraveri,  at  the  observatory  of  Bra,  eoudacted 
Binoe  1874  with  a  belio-photometer  of  his  own  constrnction.  Two  papers 
by  Professor  Busin,  of  Rome,  upon  the  distribntiou  of  temperatnre  ia 
luly,  and  upon  the  high  and  low  pressures  of  the  northern  hemisphere. 
Notes  by  Professor  Galli  and  by  Professor  Golfarelli  npon  the  hourly 
Tdocity  of  the  wind  aud  npon  lightuing  conductors.  Professor  Aoberto 
described  a  new  hygrometer. 

Agriealtural  meteorology. — P.  Ferrari,  of  Rome,  gave  an  exposition  of 
tbe  present  applications  of  meteorology  to  the  interests  of  agriculture. 

Medical  meteorology  and  hydrology. — Discnssion  arose  upon  tbe  dis- 
position and  classification  of  climatic  stations.  P.  Siciliani,  of  Bologna, 
presented  a  paper  on  the  relation  between  the  height  of 'water  in  wells 
SDd  the  air  pressure.  P.  Bertelli  took  np  the  theories  that  assume 
electricity  as  the  principal  cause  of  earth  tremors,  and  demonstrated 
tbeir  improbability.  P.  Denza  had  a  paper  oi^  the  more  important 
euthqaakes  of  1887. 

An  Inlercolonial  Meteorological  Congreat  was  held  at  the  Melboame 
Observatory  September  11-15,  1888,  at  which  all  tbe  A-nstralian  colo- 
nies. New  Zealand,  and  Tasmania  were  represented.  The  question  of 
thermometer  exposure  was  discussed  at  length.  Hr.  Todd  considered 
it  impossible  for  auy  one  to  say  positively  what  is  the  best  form  of  ex- 
posare,  but  hatl  himself  fully  tested  the  Stevenson  stand  and  should 
adopt  it  for  his  ont-stations.  Various  other  questions  were  discnssed, 
including  tbe  relation  of  climatologic  observations  to  hygiene,  aud  the 
ndnctioii  of  the  barometer  to  sea-level. 

Iniemational  Meteorological  Tables.— The  Interaational  Meteorological 
Committee  has  publishetl  the  collection  of  tables  that  have  been  in 
coarse  of  preparation  for  several  years.  Tbey  fill  400  quarto  pages  and 
tbe  volnme  is  sold  for  35  firancsT  llie  tables  include  the  reduction  of 
both  temperatnre  and  pressure  to  sea-level,  conversion  tables,  units  of 
■neasQie,  geodetic  measures,  bygrometric  tables,  and  tables  for  tbe  re- 
daction of  wind,  rain,  evaporation,  magnetism,  and  electrioi^.        , 
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The  sixth  volame  of  the  Beports  of  the  InternatiODal  Bureau  of 
Weights  aud  Measares  contains  three  papers  of  importauce  to  inBtrn- 
mental  meteorology  in  continuation  of  the  valuable  menioira  publishal 
in  the  precediug  volumes,  which  include  researches  od  the  tensions  of 
aqueous  vapor,  on  the  fixed  poiuts  of  thermometers,  on  the  true 
weight  of  a  litre  of  air,  on  the  dilatation  of  mercury,  on  methods  of 
verifying  sulidivided  linear  measures,  on  calibrating  thermometers, 
aod  other  tbermometric  studies.  Of  the  papers  in  the  new  volume  that 
are  of  meteorological  Interest,  one  (tome  Ti,  pp.  6^)  is  by  Dr.  &en6 
Benoit,  on  the  measurement  of  dilatations  by  tlte  method  of  H.  Fizean ; 
one,  on  the  comparison  of  mercurial  thermometers  with  theairor  hydro- 
gen thermometer,  by  Dr.  P.  Ghappuis;  and  a  third  paper,  on  practical 
formnlte  for  the  transformation  of  tbermometric  co-efflcients,  by  Dr.  A. 
E.  Ouillaume. 

Daily  tynoptie  weather  charU  for  the  North  Atlantic  Ocean,  Parts  1 
to  6,  September,  1383,  to  N^oveinlter,  1884,  have  been  published  con- 
jointly by  the  Danish  Meteorological  Institute,  and  the  Seewarte  at 
Hamburg.  Each  volume  contains  a  carefully  prepared  summary  of  Uie 
principal  meteorological  featores.  A  novel  point  in  the  work  is  the 
introduction  by  Dr.  Eoppen  of  a  new  system  of  discussing  the  paths 
of  storms  in  which  their  rate  and  directiou  of  motion  are  shown  to  be 
dependent  on  snrronnding  conditions;  so  that  the  movement  of  cy- 
clones is  almost  entirely  dejwndent  on  their  relation  to  existing  anti- 
cyclones. Dr.  Koppen  finds  one  type  of  conditions  to  consist  of  an 
almost  stationary  anti-cyclone  with  a  cyclone  traveling  along  its  bor- 
ders. He  then  proceeds  to  represent  all  periods  of  this  type  on  one 
chart,  the  number  of  anch  periods  in  the  year  ending  with  August, 
1884,  being  fifty-seven,  each  ranging  from  three  to  eleven  days  each. 

The  movements  of  the  cyclones  daring  the  type  are  represented  by 
lines  joining  the  ascertained  positions  each  day,  and  by  a  simple  ar- 
rangement the  lowest  pressure  and  the  wind  force  are  represented 
daily.  The  anticyclones  are  considered  as  stationary  and  the  isobar 
of  30.12  inches  has  been  adopted  and  plotted  as  the  inclosing  peripheiy 
of  such  areas;  its  position  is  the  mean  position  of  that  isobar  daring 
the  period ;  the  maximum  barometric  readings  are  shown  near  the 
center,  and  the  direction  in  which  the  highest  pressures  moved.  By 
this  method  the  represt- ntation  of  storm  tracks  has  been  greatly  sim- 
plifie<l.  In  some  special  cases  one  chart  has  been  devoted  to  a  single 
period  showing  conditions  of  marked  interest.  In  the  study  of  trop- 
ical cyclones  the  positions  of  neighboring  anti-cyclonic  areas  is  shown 
to  govern  the  various  paths  pursued. 

The  publication  of  synoptic  weather  maps  twice  a  day  was  begun  hy 
the  Oentral  Physical  Observatory  May  12,  1889.  The  map  covers  the 
whole  of  Europe,  aod  a  summary  of  the  weather  is  given  in  Knssiui 
and  French. 

Ladg Franklin  Bay  Expedition. — The  otBcial  reportof  theLadyFrank- 
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Ud  Bay  Expedition,  made  by  General  A.  W.  Oreely,  bas  been  poblisfaed 
in  two  qaarto  rolames.  The  first  volume  contains  the  report  of  the 
commaodiDg  officer,  and  appendices  containiufr  detailed  reports  of  spe- 
cial expeditions  and  the  diaries  of  Lienteoant  Locliwood  and  Sergeant 
Brainard ;  it  is  the  history  of  the  expedition.  The  second  volume  ood- 
tains  the  main  scientific  resalts.  Tbe  meteorological  report  and  tables 
of  obeerratiou  occupy  360  pages.  The  annual  mean  temperature  for 
three  years  was  — 3'^.9  F.,  the  lowest  mean  temperature  known  for  any 
place  on  tbe  globe.  Tbe  precipitation  was  a  little  less  than  i  inches  a 
year,  and  e\'aporation  in  winter  was  found  to  be  inappreciable.  Aaroras 
were  neither  frequent  uor  brilliant.  Storms  were  not  especially  fre- 
quent or  severe.  In  tbe  winter,  calms  averaged  seventeen  hours  daily, 
bat  during  tbe  continuous  sunlight,  only  one  hour  daily.  Tbe  dtiimat 
oscillation  of  the  barometer  was  less  than  0.01  inch.  These  are  a  few 
etribing  results  abstracted  from  this  great  store-hoase  of  arctic  meteo- 
rology. Separate  chapters  are  given  to  tbe  astronomical  observations 
for  determining  geodetic  positions,  and  to  the  magnetic,  tidal,  and  pen- 
dnlam  observations  which  are  specially  reported  upon  by  the  officers 
of  the  Coast  and  Geodetic  Survey.  A  valuable  bibliography  of  arctic 
literaiure  is  also  given  as  an  appendix. 

H.  Hebt£  Manooh  died  in  Paris  May  15, 1S8S.  Id  bis  death  agricalt- 
nre  and  meteorology  have  lost  a  most  active  worker.  Id  1850  he  pub- 
lished his  "  Etudes  sar  les  Irrigations  de  la  Gampine  Beige  "  and  tbe 
"Travaox  Analogues  de  la  Sologne,"  which  brought  about  important 
impioveoieots  in  the  French  laws  iu  relation  to  agricnltnre.  Drainage 
was  at  that  time  scarcely  known  in  France ;  in  1851  M.  Maogon  pub- 
lished a  work  on  the  subject  which  received  from  the  Academy  of 
Sciences  the  decennial  prize  for  the  most  useful  work  on  a^calture 
iwaed  daring  the  previous  ten  years.  Irrigation  and  tbe  fertilization 
of  land  were  subjects  (o  which  he  gave  prolonged  and  careful  stndy. 
Theae  researches  were  followed  by  meteorological  stndies  in  which  he 
took  an  active  interest ;  he  invented  or  improved  many  meteorological 
instrnments  and  organized  ou  bis  estate  in  Normandy  a  model  meteo' 
mtogical  station  provided  with  the  latest  scientific  improvements;  be 
sided  in  the  re-organizatiou  of  the  French  Meteorological  Service,  and 
bccfune  the  president  of  tbe  meteorological  council.  He  contributed 
^  to  tbe  organization  of  the  scientific  mission  to  Cape  Horn  which 
obtained  a  large  amount  of  valuable  meteorological  data,  (Nature, 
umii,  p.  111.) 

Dr.  0.  J.  Bbooh,  director  of  the  International  Bureau  of  Weights 
and  Measures,  died  at  Sevres,  February  5,  1889,  at  the  age  of  seveiity- 
oiie.  The  memoirs  ou  thermometry  published  by  the  bureau  during 
his  administration  have  greatly  advanced  the  accnrate  measurement  of 
■emperstare. 

Prof.  EuAs  Looms,  the  American  meteorologist,  died  at  New  Haven, . 
B.  Mis.  224 U  ^.uu^<it. 
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Angnst  15, 1889,  at  the  age  of  seveDty-eigbt  years.  For  flfty-six  years 
Professor  Loomie  had  been  engaged  in  collegiate  work  and  in  original  re- 
eearcb,  baring  devoted  tbe  whole  of  his  atreDgth  doriog  the  last  teo 
years  to  tbe  completion  of  bis  meteorological  studies. 

In  a  memoir  by  I'rof.  B.  A.  Kewton  (Am.  Joam.  Sci.,  Jane,  1890)  a 
bibliography  of  ProfesBor  Looniis'a  writings  is  given  containing  164  titles. 
These  include  cootribntions  to  astronomy,  terrestrial  magnetism,  and 
meteorology,  and  a  series  of  malhematical  text-books  which  attained  an 
extensive  circalation. 

His  first  work  in  terrestrial  magnetism  consisted  in  a  series  of  bonrly 
observations  (seventeen  hours  eauh  day)  of  the  magnetic  needle  for  a 
period  of  thirteen  months  in  1834  and  1835.  With  exception  of  a  short 
series  by  Professor  Bacbe  this  was  the  earliest  series  of  honrly  magnetic 
observations  in  Aoierica,  and  only  one  or  two  ante-dated  it  in  Europe. 

Professor  Loomis's  early  work  iu  astronomy  was  likewise  at  the  time 
when  that  science  was  having  its  beginning  in  this  country.  Comets, 
shooting  stars,  and  tbe  determination  of  geodetic  positions  formed  tbe 
subject  of  his  obsi  rvations  and  study.  He  was  among  the  first  to  en- 
gage with  Professor  Bacbe  in  the  telegraphic  determination  of  longi- 
tudes, several  years  before  the  use  of  tbe  method  by  European  astrono- 
mers. In  later  years,  additional  important  pa)>ers  ujion  the  anrora, 
terrestrial  magnetism  and  astronomy  followed  these  early  labors.  Bat 
meteorology  has  been  the  science  to  which  Professor  Loomis  devoted 
bis  best  work,  and  in  which  be  made  the  most  important  advances  in 
human  knowledge.  At  tbe  beginning  of  bis  work  not  a  single  law  of 
storms  was  satisfactorily  demonstrated.  Franklin,  in  tbe  lastcentuiy, 
had  discovered  their  progressive  motion,  and  Brandes  and  Dove  (1810- 
1830)  had  announced  their  essential  character  to  be  that  of  extended 
wbirlwinds  [mrbeUtUrme.)  The  rival  theories  of  Redfleld  and  Espy,  the 
former  claiming  a  circular  movement  of  tbe  winds  around  a  storm  center, 
and  the  latter,  following  Brandes,  claiming  a  radial  direction,  each  had 
its  warm  supporters,  but  no  decisive  victory  bad  been  gained  by  either. 
Frofeasor  Loomis's  first  meteorological  investigations  beginning  in 
1837,  were  directed  towards  the  further  study  df  these  unsettled  prob- 
lems of  storm  movement,  and  his  last  work  a  half  century  later,  centered 
in  the  statistical  development  of  all  the  phenomena  of  cyclonic  systems. 
This  example  of  patiently  snstained  scientific  labor,  directed  in  certain 
well-marked  lines  for  half  a  century,  is  a  rich  legacy  of  unselfish  devo- 
tion and  becomes  itself  a  part  of  the  historj-  of  science. 

In  his  second  meteorological  paper  published  in  1840,  Professor  Loomis 
made  a  study  of  a  storm  occurring  near  the  20tli  of  December,  183f',  adopt- 
ing graphical  methods  very  similar  to  those  principally  nsed  by  Espy,  but 
tbe  results  were  not  entirely  satisfactory, and  he  waited  for  another  oppor- 
tunity for  continuing  the  investigation.  This  was  found  in  two  storms  of 
February,  1842.  Insteadof  using  the  line  of  minimum  depression  of  the 
barometer,  as  before,  Professor  Loomis  now  drew  maps  coi^t^ning  lines 
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of  equal  barometric  pressure  (or  more  correctly  of  eqaal  departares  fivtn 
the nortnal)  together  with  wind  directions,  tem|>eraturea,  and  weather. 

The  SQggestioD  of  this  method  of  represeDting  barometric  obserra- 
tlonsvas  made  by  Braados  in  ISIO  in  recommending  that  observers 
should  give  in  their  record  books  the  dei>artare  from  the  Dormal  of 
every  barometric  observation,  and  that  these  tlopartnres  should  form 
the  principal  data  in  the  stndy  of  the  compiled  data.  Whether  Pro- 
fessor Loomia  was  acquainted  with  this  suggestion,  does  not  appear. 
This  graphical  method  is  now  the  essence  of  the  modem  weather  map, 
and  the  memoir  of  1S43  in  which  the  method  was  presented  created  a 
profound  impression,  la  his  appreciative  biographical  slietch,  Pro- 
fessor Newton  expresses  his  opinion  that  the  introduction  of  this  single 
method  of  representing  and  discussing  the  phenomena  of  a  storm  was 
(be  greatest  of  the  services  which  Professor  Loomis  rendered  to  science. 
Professor  Loomis's  own  estimate  of  the  method  at  the  time  of  publica- 
tion was  expressed  as  follows:  "  It  appears  to  me  that  if  the  course  of 
investigation  adopted  with  respect  to  the  two  storms  of  February,  1842, 
was  system  atically  pursued  we  should  soon  have  some  settled  princi- 
ples ia  meteorology.  If  we  coald  be  furnished  with  two  meteorological 
charts  of  the  dnited  States  daily  for  one  year  it  would  settle  forever  the 
bvs  of  storms.  So  false  theory  could  stand  against  such  an  array  of 
testimony.  Saoh  a  set  of  maps  would  be  worth  more  than  all  which  has 
bitherto  been  done  in  meteorology.  A  well  arranged  system  of  observa- 
tions spread  over  the  country  would  accomplish  more  in  one  year  than 
observations  at  a  few  insulated  posts,  however  accurate  and  complete, 
continued  to  the  end  of  time.  Is  not  such  an  enterprise  worthy  of  the 
American  Philosophical  Society  t  If  private  zeal  could  be  more  gener- 
ally enlisted  the  war  might  soon  be  ended,  and  men  would  cease  to 
Hdicule  the  idea  of  oar  being  able  to  predict  an  approaching  storm." 

Thirty  years  passed  before  the  system  of  observations  was  inangurated 
and  the  maps  constructed  for  which  Professor  Loomis  here  appealed. 
In  1871  the  signal  service  was  established,  and  as  soon  as  two  years'  maps 
bad  been  issued.  Professor  Loomis  turned  again,  with  unabiited  inter- 
est and  enthusiasm,  to  the  work  that  he  began  with  such  scanty  mate- 
rial in  1840.  For  the  remaining  fifteen  years  of  his  life  be  devoted 
nearly  his  whole  strength  to  this  work.  Twenty-three  papers,  entitled 
Contributions  to  Meteorology,  were  published  in  the  American  Journal 
of  Science,  and  in  1881  he  began  a  revision  of  the  whole  series.  This 
revisiou  was  arranged  in  three  chapters,  covering  areas  of  low  pressure, 
areas  of  high  pressure,  aud  rain-fall.  Chapters  l  and  ii  were  presented 
to  tbe  National  Academy  in  1SS5  and  1887,  respectively,  and  chapter  in 
vas  completed  and  issued  a  few  weeks  before  the  author's  death.  In 
these  three  monographs  is  compiled  a  wealth  of  statistical  data  which 
will  long  afford  the  observational  basis  for  the  ezplauatiou  of  climate 
uid  for  the  theoretical  btady  of  the  atmospheric  circulation  and  the 
phenomena  of  storms. 
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Contribtitions  to  Meteorology,  by  Blias  Loomis.  Chapters  ii  aod  in 
of  Professor  LoomJs'ii  revision  of  his  Gontribntions  to  Meteorology  have 
beeo  JHSiied  during  1889. — Chapter  i,  previously  published  in  Vol.  in 
of  the  Memoirs  of  the  National  Academy  of  Sciences,  treats  of  areas 
of  low  presBore — tbeir  form,  maf;oltade,  direction,  and  velocity  of  move- 
ment. Chapter  ii  treats,  similarly,  of  areas  of  high  pressure,  and  of 
the  relation  of  areas  of  high  pressure  to  areas  of  low  pressare.  Chap- 
ter m,  which  completes  tlie  revision,  treats  of  ruin-fall ;  the  oonditions 
favorable  and  the  oonditions  unfavorable  to  rain-fall  are  enomerated, 
and  their  application  is  shown  in  a  survey  of  the  more  striking  fea^ 
ores  of  the  mean  annual  rain-fall  of  different  eountries.  Special  stady 
is  made  of  individaal  rain-falls  in  the  United  States,  in  Europe,  and 
over  the  Atlantic  Ocean,  and  fruitful  suggestions  are  offered  towards 
a  physical  explanation  of  the  characteristic  features  of  individaal  cases. 

In  this  revision  the  earlier  series  of  papers  are  reduced  to  s  more 
systematic  form,  new  researches  and  resnlts  are  introduced  based  on 
later  and  more  extended  data,  and  the  text  is  accompanied  by  a  large 
number  of  elegantly  printed  illustrative  plates.  Chapter  m  is  accom- 
panied by  a  rain-fall  map  of  the  world  and  by  rain-fall  maps  of  India 
aod  California,  which  present  features  of  special  interest.  The  whole 
forms  a  great  compcndinm  of  meteorological  results  derived  by  statis- 
tical methods  and  inductive  processes  from  the  modern  weather  map. 

Meteorologia  Qetierale,  Laigi  de  Marchi,  Milano,  1888,  160  pages. — 
The  author  hn«  brought  together  iti  this  brief  compendium,  in  a  thor- 
oughly scientific  and  quite  original  way,  the  most  important  principles 
of  meteorology.  The  book  is  divided  into  four  parts.  The  first,  enti- 
tled "Air  and  tUo  Atmosphere,"  treats  of  the  physical  properties  of 
the  air.  The  second  part  treats  of  the  oonditions  of  equilibrium  and 
of  motion  in  the  air,  and  is  composed  of  three  chapters  :  Air  pressure 
and  wind ;  causes  of  motion,  laws  of  motion.  The  third  part  takes 
up  the  meteorological  factors  which  depend  upon  the  normfd  distiihu- 
ticin  of  temperature  and  the  periodic  oscillations  of  temperatare  and 
their  consequences.  The  iburth  part  embraces  irregular  meteorological 
phenomena  and  the  art  of  weather  prediction.  In  this  section  the 
paths  of  cyclones  over  Europe  are  shown  on  a  chart,  and  tbeir  easterly 
movement  is  ascribed  t«  the  difference  in  density  of  the  warm  easterly 
and  cold  westerly  winds. 

Treatise  on  Meteorological  Apparatut  and  Methods,  by  Cleveland 
Abbe,  Annual  Report  of  the  Chief  Signal  Officer,  1887,  Part  2.— This 
exhaustive  work  treats  in  five  sections  the  subject  of  the  measurement 
of  temperature,  pressure,  the  motion  of  the  air,  aqueous  vapor,  and 
precipitation.  The  section  on  thermometry  opens  with  a  chaptor  on 
the  history  of  the  thermometer,  and  then  proceeds  to  dift^^^ttiii^theory 
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of  the  air  thermometer  and  its  relation  to  the  absolute  tbermo  dynamic 
acale,  the  normal  meraarial  aud  itn  redactions  to  the  air  thermometer, 
and  ordinary  thermometers  with  their  reductions  to  the  normal  mer- 
cnrial.  After  the  theory  of  the  instrument,  the  subject  of  thermometer 
exjxvsure  is  treated  with  corresponding  fulloess,  and  the  conditions 
necessary  for  obtaining  the  trne  air  temperature  are  clearly  set  forth. 
Cha|>ter8  on  miscellaneous  forms  of  thermometers  and  on  tbermograplts 
complete  the  section.  Tbe  third  section — that  treating  of  the  motion 
of  the  air — also  commands  special  attention  on  account  of  the  origi- 
nality and  depth  of  its  treatment.  The  results  of  a  large  amount  of 
research  in  theoretical  and  experimental  bydrodynaraics  are  discussed 
in  their  relation  to  the  theory  of  tbe  action  of  the  different  classes  of 
anemometers.  The  last  chapter  of  tbe  section  takes  up  the  various 
methods  of  measuring  upper  currents  by  means  of  otiservations  of 
(loads,  and  describes  the  different  methods  of  using  the  nepbo^ope. 
Tbe  section  on  hygrometry  gives  a  similarly  complete  expositioQ  of 
the  theory  of  the  psychrometer. 

A  Popular  Treatise  on  the  Winds,  by  William  Ferrel. — "  It  is  with  no 
ordinary  degree  of  satisfaction  that  we  bail  tbe  publication  of  Professor 
Ferrel's  treatise.  The  work  is  a  ''  popular"  treatise,  but  popular  only 
in  the  higher  sense  of  tbe  word.  A  system  of  movements  so  complex 
as  those  of  the  earth's  atmosphere  can  not  be  made  clear  to  any  one  who 
ia  not  capable  of  following  a  chain  of  close  reasouing,  or  who  is  not  pre- 
pared to  bring  to  tbe  study  that  concentrated  att«ntion  that  is  requisite 
to  master  any  problem  in  deductive  science. 

"  The  most  important  and  original  portion  of  the  book  is  that  which 
deals  with  the  general  circulation  of  ihe  atmosphere,  in  relation  to 
which  the  cyclones  and  anticyclones  that  cause  the  vicissitudes  of 
h)cal  weather  are  but  matters  of  subordinate  detail.  The  magnitude  of 
the  work  achieved  by  Professor  Ferrel  in  this  field  has  hitherto  been 
recognized  only  by  the  few.  It  is  not  too  much  to  say  that  be  has  done 
for  tbe  theory  of  atmospheric  circulation  that  which  Young  and  Fresncl 
did  for  the  theory  of  light ;  and  that  the  influence  of  bis  work  is  not  more 
generally  reflected  in  the  literature  of  the  day  must  be  attributed  to 
tlie  want  of  some  popular  exposition  of  tbe  theory. 

"Starting  with  the  fundamental  conditions  of  a  great  temperature  dif- 
ference between  equatorial  and  polar  regions  and  a  rotating  globe,  and 
postalating  in  the  first  instance  a  uuiform  land  or  water  surface,  it  is 
shown  how  the  convective  interchange  of  air  set  up  by  the  former  must 
resQtt  in  producing  two  zones  of  maximum  pressure  in  about  latitude  3<P 
in  both  hemispheres,  two  principal  minima  at  the  )>oleH,  and  a  minor 
depression  on' the  equator,  together  with  strong  west  winds  in  middle 
aod  high  latitudes,  and  an  excess  of  easterly  winds  in  equatorial  re- 
gions. The  two  tropical  zones  of  high  pressure  determine  the  polar 
limits  of  the  trade  winds,  and  the  whole  system  oscillates  in  latitude 
*ith  the  changing  declination  of  the  son.     Further,  as  a  consequence  of 
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the  fact  that  the  great  mass  of  the  land  is  restricted  to  the  northern 
faemifipbere,  whereas  tlieaoathern  hemisphere  presents  a  comparatively 
aQintermpted  sea  surface  on  which  the  retarding  friction  ia  less  than 
in  the  northern  bemispfaere,  the  west  winds  of  middle  and  high  latitndee 
are  mach  stronger  in  the  latter  than  in  the  former,  and  by  their  lateral 
preasDre  caase  a  slight  displacement  of  the  tropical  zones  of  high  press- 
nre  and  the  equatorial  zone  of  low  pressure  to  the  north  of  their  nor 
mal  positions  on  a  hypothetical  uniform  terrestrial  aarface. 

"  The  great  modificatiou  and  exteuaiou  of  Hadley's  theory  thus  lutro- 
daoed  by  Professor  Perrel  depends  mainly  on  two  points  of  the  first 
importance.  By  all  previons  writprs  it  was  assumed  tbat  a  mass  of  air 
at  rest  relatively  to  the  earth's  surface  on  the  equator,  if  suddenly  trans- 
ferred to  some  higher  latitude — say,  e.  g.,  00° — would  have  a  relative 
easterly  movement  in  that  latitude  equal  to  the  difference  of  rotary  ve- 
locities on  the  equator  and  on  the  sixtieth  parallel,  or  about  500 
miles  an  hour,  the  difference  being  projwrtional  to  that  of  the  cosines 
of  the  latitudes.  Thia,  however,  would  be  true  only  in  the  case  of  rec- 
tilinear notion.  In  reality,  as  Professor  Ferret  was  the  flrat  to  demon- 
strate, the  mass  of  air  would  obey  the  law  of  the  preservation  of  areas, 
like  all  bodies  revolving  antler  the  indueiice  of  a  central  force,  and  its 
relative  eastward  velocity  in  latitude  60°  would  be  1,S00  miles  an  bonr, 
being  as  the  difference  of  the  squares  of  the  cosines.  If,  on  the  other 
hand,  any  mass  of  air  at  rest  in  latitude  G0°  were  suddenly  transferred 
to  the  equator,  it  would  have  a  relative  westerly  movement  of  750  miles 
an  hour,  and  any  mass  of  matter  whatever  moving  along  a  meridian  is 
either  deflected,  or,  if  lilie  a  railway  train  or  a  river  between  high 
banks  it  is  not  free  to  yield  to  the  deflecting  force,  presses,  to  the  right 
of  its  path  in  the  northern  and  to  the  left  in  the  southern  hemisphere. 

"  Tbe  second  point  first  established  by  Professor  Ferrel  is  that,  in  vir- 
tue of  centrifugal  force,  this  deflection  or  pressure  to  the  right  in  tbe 
northern  and  to  the  left  in  the  southern  hemisphere  is  suffered  in  ex- 
actly tbe  same  degree  by  bodies  moving  due  east  and  due  west,  or  along 
a  parallel  of  latitude,  and  therefore  also  in  all  intermediate  azimuths. 

"From  the  first  of  these  principles  it  will  be  readily  seen  why  the  west 
winds  of  middle  latitudes  are  so  much  stronger  tbau  tbe  easterly  winds 
of  the  equatorial  zone;  and  from  the  second,  how  these  opposite  winds, 
by  their  mutoal  pressure,  produce  the  tropical  zones  of  high  barometer 
and  the  i>o1ar  and  equatorial  regions  of  low  barometer. 

"In  subsequent  chapters  are  discus.sed  the  modes  in  which  the  general 
circulation  of  the  globe  affects  the  climates  of  different  latitudes  by  de- 
termining the  distribution  of  rain-fall  in  wet  and  dry  zones  and  inequali- 
ties of  temperature  through  the  agency  of  marine  currents.  Also  tbe 
causes  tbat  modify  and  disturb  the  regularity  of  the  ideal  system,  the 
chief  of  which  is  tbe  mutual  interaction  of  expanses  of  land  and  sea. 

"  Professor  Ferret's  book  covers  very  much  of  tbe  ground  of  which 
modern  meteorology  usually  takes  cognizance,  and  in  the  tboroughnees 
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of  its  treatmeDt  we  know  of  do  modern  work  in  oar  langnage  that  can  be 
broDgbt  into  compsrisDii  wittt  it."    (H.  F,  Blaufoid,  Nature,  xli,  p.  124.) 

Bibliography  of  Meteorology, — The  bibliography  of  temperat&re  aud 
the  bibliography  of  moistare,  parts  of  the  general  bibliography  of  me- 
teorology, which  has  beeo  in  preparation  by  the  Signal  Office  since  1881, 
have  been  made  available  to  a  limited  number  of  meteorologists  by  the 
lithographic  reprodactioo  of  a  type-writteo  copy.  This  great  work  has 
been  compiled  by  Mr.  C.  J.  Sawyer  with  the  assistance  of  the  present 
editor,  Mr.  O.  L.  Fasdig,  and  Mr.  E.  H.  Hilton.  The  card  catalogues 
of  Mr.  G.  J.  Symons  (tS,OUO)  and  Of  Prof.  Cleveland  Abbe  (11,000)  have 
been  employed,  and  many  meteorologistB  througfaoat  the  world  have 
CO  operated  by  fnrnishiDg  lists  of  meteorological  books  and  memoirs. 
The  classification  adopted  employs  four  general  divisions,  viz,  general, 
theoretical,and  applied  meteorology,  and  observations.  The  first  division 
iDclades  (a)  history  and  bibliography,  (b)  general  and  ooUeoted  works,  (c) 
o^nization  and  method,  {d)  iDStruments.  The  second  division  embraces 
(a)  the  physics  of  the  atmosphere,  inclading  (1)  temperatnre,  (2)  moist- 
ure, (3)  pressure,  (4and5)  optical  and  electrical  phenomena;  (A)mechan 
ic8  of  the  atmosphere,  ioclodiug  (1)  general  atmospheric  circulation,  (2) 
vioda,  (3)  storms,  (c)  cosmic  relations  of  meteorology.  The  third  di- 
viuon  embraces  weather  predictions,  agricultural  and  medical  meteor- 
ology, and  climatology. 

The  portions  now  issued  are  therefore,  n,  theoretical  meteorology,  (a) 
pbysicsof  the  atmosphere,  (1)  temperatnre,  and  (2)  moisture.  These 
two  parts  are  subdivided  into  fonrteen  and  twenty-seven  subdivisions 
tespectively.  The  temperature  volume  contains  2,000  authors  and  4,000 
titles;  tbe  moistnre  volume  contains  2,600  authors  and  4,500  titles. 
The  Chief  Signal  OflQcer  states  that  no  other  portions  are  to  be  issued  in 
this  manner. 

Climate»  and  Weather  of  India,  by  U.  F.  Blanford,  London,  1889,  pp. 
369. — ^The  first  ninety  pages,  constituting  Part  i  of  this  book,  discusses 
'  aystematicallf  the  various  meteorological  elements — temperature,  pres- 
snre,  winds,  humidity,  clondiness,  rain,  and  storms — presenting  in  each 
chapter  a  wealth  of  meteorological  and  climatic  data.  The  second  part, 
entitled  "  Climates  and  weather  of  India  in  relation  to  health  and  in- 
dustry," takes  up  the  climates  of  the  difi'erent  climatic  districts,  tbe 
weather  and  weather  reports,  the  storms  of  Indian  seas,  and  the  hydrog- 
raphy. Every  chapter  and  almost  every  page  is  replete  with  interest- 
ing and  suggestive  information. 

Initnutions  /or  obBerving  ctouda  on  latid  and  ««a«,  By  Hon.  R.  Aber- 
eromby.^ — This  pamphlet  by  Mr.  Abercromby  presents  in  a  concise  way 
tbe  fundamental  conceptions  and  the  methods  to  be  employed  in  cloud 
observation  and  is  a  oonvenient  and  valuable  syllabus  upon  an  import- 
ant class  of  meteorologic  observations. 

Seat  and  skiet  in  many  latitudes,  by  Hon.  Ralph  Abercromby,  Lon- 
don, 1888. — ^Thia  is  a  popular,  but  not  the  less  valuable,  book  of  travela 
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ID  which  deHcriptWe  oieteorology  is  the  principal  parposeof  the  author. 
Many  important  climatic  facta  have  been  garaered  aadthe  valaeof  tiie 
vork  is  increased  by  good  maps  and  illnstratious. 

Daa  Elima  det  auaser-tropigchen  SUdafrica,  by  Dr.  Karl  Dove,  OSU- 
iagCD,  1888. — This  book  describes  the  climate  of  a  large  leglon,  roneb 
of  which  is  bat  little  known.  The  area  is  divided  into  foar  great  districts 
classified  according  to  the  period  of  occarrence  of  the  rainy  season,  viz 
(1)  the  region  of  winter  rains;  (2)  the  intermediate  region  of  spring  and 
antamnraius;  (3)  the  region  of  heavy  snmmer  rains;  (4)  the  westcoast 
Under  (1)  are  found  the  sonth  west  province,  the  western  Karroo,  and  the 
Little  Namaqua  land.  Under  (2)  come  the  sonth  coast,  north  and  sonth 
Karroo,  and  the  sontheast  monntain  land ;  and  under  (3)  we  have  tbe 
table-land  of  the  upper  Orange  River,  the  north  Transvaal,  tbe  Kala- 
hari, and  the  Qreat  Namaqna  and  Damura  land.  After  treating  of  the 
geography,  the  antbor  discusses  the  possible  developments  of  agricnl- 
tnre  in  tbe  different  districts.  In  a  chapter  on  the  treatment  of  the 
rain-fall  and  its  distribution.  Dr.  Dove  concludes  with  some  remarks  on 
the  alleged  deterioration  of  tbe  climate  by  tbe  drying  up  of  the  countrf. 
This  effect  be  considers  to  be  the  outcome  of  reckless  forest  destruction. 
He  points  out  tbe  brilliant  results  obtained  at  small  cost  by  the  con- 
struction of  reservoirs,  as  at  Beaufort  and  at  Van  Wyk's  VIey. 

Die  Meteorologie,  mit  besonderer  BeriUikaichtigung  geograpkiacher  Fro- 
gen  dargestelity  by  Dr.  S.  Ottntber,  Mlinich.  This  work  is  an  attempt 
to  prodnce  a  t«.xt  book  of  the  whole  of  meteorology  in  300  pages,  and, 
so  far  as  the  effort  is  at  all  possible,  the  work  is  successful.  Bach  snb- 
ject  is  treated  in  an  excessively  condensed  manner,  and  references  to 
the  literature  are  given  for  what  is  left  unsaid.  It  is,  therefore,  mther 
a  good  index  or  reference  book  than  a  successor  of  Kiimtz  or  Schmidt. 

Der  Einfiuag  einer  Schneedecke  auf  Boden,  Klima  und  Wetter,  by  A. 
Woeikof,  pp.  1-115. — In  this  book  Dr.  Woeikof  sums  up  all  that  is  at 
present  known  of  the  influence  of  a  snow  covering,  npon  tbe  soil,  ths 
climate,  and  the  weather.  Data  are  given  which  show  that  the  effect  of 
a  snow  sheet  in  lowering  the  temperature  of  the  air  is  very  considerable 
and  cei'tain  anomalies  in  mean  winter  temperature  are  explained  iu 
view  of  this  relation. 

In  discussing  tbe  effect  of  a  thick  winter  snow-sheet  on  springs  and 
rivers,  a  variation  is  pointed  out  which  is  of  importance  in  its  bearings 
on  hydrography.  In  latitudes  where  the  winter  cold  is  sufficient  to 
freeze  the  ground  to  a  considerable  depth,  if  heavy  snow  falls  early  in 
the  winter  before  cold  has  penetrated  deeply  below  the  surface,  the 
protection  thereby  afforded  allows  tbe  ground  to  thaw  by  conduction 
ftom  the  lover  strata,  and  the  water  from  tbe  slow  melting  of  tlie  basal 
snow  layer,  and  much  of  that  which  4s  produced  in  the  spring  thaw,  soaks 
into  the  soil  and  affords  a  supply  which  maintains  the  rivers  more  or 
less  full  through  the  succeeding  summer.    Bat  if^  before  snow  foils,  the 
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soil  baa  beeu  frozen  to  a  great  depth,  a  rapid  tbaw,  setting  in  in  the 
spring,  floods  tlie  rivers  and  tbe  snrrounding  tracts,  while  little  or 
Qone  enters  the  ground,  and  bnt  little  supply  is  stored  ap  for  maiD- 
taiaiog  tbe  summer  Bow.    {Nature,  XL,  p.  315.) 

Orecnland  Exploratioit. — At  a  meeting  of  the  Boyal  Oeographical 
Soeiety,  Dr.  F.  Nansen  told  tbe  story  of  hia  jonroey  across  Greenland  in 
the  sninmer  and  fall  of  iS8S.  He  foand  the  coautry  so  thicbly  covered 
iritb  the  ice  accnmulations  of  ages  that  do  part  of  the  interior  is  ever 
laid  bare.  This  will  pat  to  rest  the  idea  that  somewhere  in  Greenland 
tiiere  may  be  a  fertile  oasin.  He  estimates  that  the  icein  places  is  6,000 
feet  deep.  The  temperatnre  during  tbe  expedition  reached  90<^  F  below 
freezing,  which  was  as  low  as  their  thermometer  registered. 

SeotUar  Oidllationa  in  Olimate. — B.  Sieger  has  added  some  new  and 
important  contributions  to  the  statistics  showing  long  period  oscilla- 
tioDS  in  the  level  of  inland  seas'.  That  such  variationa  in  level  have 
occarred  was  pointed  oat  by  Haun  as  early  as  1867,  and  during  the  past 
two  years  has  also  been  elaborately  discussed  by  Br.  Brilckoer. 

Tbe  work  of  Sieger  relates  to  the  level  of  the  Armenian  lakes.  The 
material  available  for  such  an  investigationconsists,  not  of  exact  obser- 
vations of  water  level,  but  of  opportune  notes  of  individual  travellers, 
upon  the  location  of  places  on  the  seashore,  tbe  course  of  the  shore- 
ime,  the  appearance  of  islands,  and  finally  upon  the  oscillation  of  the 
water  sorfiace,  derived  from  the  statements  of  the  neighboring  inbab- 
itants. 

From  this  heterogeneous  material  the  antbor  endeavors  to  show  sec- 
ular oscillations  in  the  level  of  Armenian  lakes,  especially  tbe  Wan,  the 
Urmia  Qdktscha,  and  also  a  series  of  smaller  lakes,  and  attributes  tbe 
eaase  of  these  oscillations  to  oscillations  in  temperature  and  rain-fall. 
Similar  secular  variations  of  level  are  adduced  for  lakes  in  Iran,  in  tbe 
Alps,  and  in  Italy,  and  for  Lake  Valencia,  Honey  Lake,  Pyramid  Lake, 
Winnemncca  Lake,  and  tbe  Great  Salt  Lake  of  Utah. 

The  times  of  maximum  and  minimum  of  level  are  grouped  about  tbe 
folloving  velt-defined  periods:  (I)  Maximum  between  1770  and  17S0; 
(2)  minimnm  about  1800  (not  pronounced) ;  (3)  maximum  about  1815; 
(4)  minimum  about  1S30 ;  (5)  between  1835  and  1865  a  series  of  lakes 
hag  two  maxima,  a  minor  about  1H45  auil  a  major  about  1860 ;  these  are 
tbe  Armenian  lakes,  Lake  Gonstance,  Lake  George  in  Australia,  Great 
Salt  Lake,  and  some  of  their  neighbors.  The  remaining,  on  the  other 
liaad,  show  only  a  maximum  about  1845 ;  (6)  a  minimum  in  the  sixties, 
1860-1870;  (7)  a  rise  from  1865  to  1870,  followed  by  an  interruption 
beginning  with  1870 ;  (8)  a  diminution  ufter  1880. 

In  a  memoir  entitled  "  In  how  far  is  our  present  climate  permanent  t " 
Ptof.  Dr.  Briickner  lirings  together  a  store  of  data  from  various  sources 
which  gives  evidence  of  well-defined  oscillations  in  rain-fall  and  temper- 
ature, oscillations  having  a  period  of  no  de&nite  length,  but  averaging 
daring  the  present  century  from  thirty  to  thirty-six  years.    The  author 
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finds  similar  and  syDchronoas  oacillationa  iD  the  level  of  tbe  Caspian, 
the  Black,  aod  tbe  Baltic  seas ;  in  the  rain-fall  throagbont  Bnrope,  and 
in  Asia,  Anstralia,  and  in  tbe  interior  of  Nortti  America ;  in  the  tem- 
perataro  of  Eorope  and  New  England ;  in  the  advance  and  lecession 
of  tbe  lower  limit  of  tbe  Alpine  glaciers;  in  the  times  of  vintage  io 
France,  Germany,  and  Switzerland ;  and  in  tbe  opening  of  Bossiao 
rivers. 

Tbe  rbytbm  of  temperature  osiullations  corresponds  with  tberain-^1 
variations  in  snob  a  way  tbat  warm  periods  are  dry,  and  cool  periods  are 
wet.  lu  tbe  present  century  the  maxima  of  raiu-foll  gronp  themselves 
around  tbe  years  1815,  1850  and  1880,  tbe  minima  aronnd  tbe  years  1830 
and  1860.  Tbe  carves  also  show  an  increase  in  the  amplitude  of  osdl- 
lation  OR  advancing  from  tbe  coast  into  the  interior  of  the  oontinents. 

These  climatic  oscillations  in  their  effect  upon  agricaltare,  are  believed 
to  be  of  sufficient  magnitude  to  determine  the  productivity  or  oon-pro- 
dnctivity  of  vast  areas  in  arid  and  semi-arid  regions. 

Storm  Wamingt. — Tbe  possibilityof  giving  successful  storm  wamingB 
for  western  Enrope  by  constructing  the  hypothetical  distribution  of 
pressure  over  tbe  Atlantic  is  nrged  by  M.  deBort.  He  points  ont  tbat 
from  tbe  known  monthly  normal  distribution  of  pressure,  together  with 
the  observed  isobars  of  Europe  and  America,  obtained  from  telegraphic 
reports,  the  general  pressnre  over  tbe  Atlantic,  and  especially  the  ez- 
isteoce  there  of  pronounced  storm-centers,  can  be  inferred.  [Nature, 
xxxTin,  419.) 

In  the  report  of  tbe  Meteorological  Council  (of  Great  Britain)  for  the 
year  ending  March  31, 1888,  Mr.  K.  B.  Scott  concludes  that  it  is  extremely 
improbable  tbat  telegraphic  reports  from  America  can  assist  in  fore- 
casting tbe  weather  in  Great  Britain,  and  this  conclusion  is  supported 
by  tbe  actual  results  obtained  in  dealing  with  American  reports  during 
tbe  year. 

Mr.  H.  y.  Dickson  has  presented  a  paper  to  the  Scottish  Meteoro- 
logical society  on  "  The  weather  lore  of  Scottish  fishermen."  Prognosti- 
cations from  bales,  corous,  and  mock  suns  are  of  common  aoceptatiOD. 
'  It  is  a  current  belief  that  when  a  sun-dog  precedes  tbe  sun  it  is  a  sign 
of  good  weather,  and  when  it  follows  the  sun  it  is  a  sign  of  bad  weather. 
Another  very  general  belief  relates  to  tbe  existence  of  spider's  webs  in 
sails  and  cordage.  On  the  north  and  west  coast  it  is  believed  tbat  cir- 
rus running  from  northeast  to  southwest  is  a  sign  of  good  weather,  and 
running  from  southeast  to  northwest  is  a  sign  of  bad  weather.  Many 
other  peculiar  beliefs  are  related. 

HI.— INSTRUMENTS;  METHODS  OF  EEDUCTION;  AEBONAUTICS. 

Oaa  thermometer, — In  the  International  Bureau  of  Weights  and  Meas- 
ures Dr.  Cbappuis  has  conducted  a  new  series  of  observations  on  tbe 
difference  between  gas  aud  mercurial  thermometers.  ^  The  latter  were 
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made  by  Tonnelot  of  bard  glass  whose  cbemical  composidoD  is  specified. 
Four  tbermometers  were  compared  having  scales  from  — 5°  C  to  101°, 
and  a  length  of  70™,  the  length  of  a  scale-divisioD  being  fi.?""";  and 
fonr  other  mercnrial  tbermometers  54"°  long  for  low  temperatarea,  with 
scales  from  —32°  to  -|-39<^,  to  wfaich  an  extension  is  added  which  includes 
scale  readings  from  05=^  to  t03°.  Between  these  eight  mercorial  ther- 
mometers there  were  no  systematic  differences,  and  they  agreed  with  one 
onoUierTery  well,  the  greatest  difference  in  an  observation  being  0°.006. 
The  gas  thermometer  is  constructed  so  that  the  portion  that  is  not 
bnaght  to  the  temperatnre  of  the  bath  is  extremely  small.  To  attain 
tbia  a  large  cylinder  of  iridio-platinum  (1.10  °>  high  and  36°""  diameter) 
is  aged  as  a  thermometer  box.  It  is  a  gas  thermometer  or  constant  vol- 
nme.  The  pressore  at  0°  is  about  l"  of  mercnry.  The  description  of 
the  manometer  and  the  detail  of  the  comparisons  will  be  found  in  the 
Arckives  des  Sciences  pkys  et  nat.  Bd.  XX,  1888.  The  tbllowiog  la  an 
abstract  of  the  differenoes  foand  between  a  mercurial  thermometer 
and  tbe  three  gas  thermometers  containing  hydrogen,  nitrogen,  and  car- 
bonic acid,  whose  fixed  i>oints  agreed  with  the  mercurial. 

Temperature  in  etntigradi  dtgrte*. 


Hg 

H-Hg 

N-Hg 

CO^IIg 

-20° 

o.m 

0.159 



0° 

0.000 

0.000 

0.000  • 

20 

-0.0B5 

—0.075 

-0.042 

40 

0.107 

o.oy7 

0.048 

60 

0.090 

0.085 

0.037 

80 

-0.050 

-.052 

-0.019 

100 

0.000 

0.000 

0.000 

I^ffermtial  fconMiwter.— Director  Omls,  of  the  Bio  Janeiro  observa- 
tory, has  invented  a  new  form  of  differential  barometer  for  ase  in  hyp- 
wmeiry.  Each  arm  of  a  (J-shaped  tube  terminates  <n  an  air-tight  box 
of  known  capacity  provided  with  a  stop-cock.  If  tbe  y^-in^  partltdly 
filled  with  a  snitable  liquid  and  both  oocks  are  opened,  tb9  height  of 
the  liquid  in  the  two  arms  will  be  the  same.  If  now  the  cooks  be 
closed  and  the  instrument  be  taken  to  a  station  of  different  elevation 
and  only  one  of  the  cocks  be  opened,  the  closed  box  will  ret^n  the  air- 
pressnre  of  the  first  and  the  open  end  will  assume  that  of  tbe  second 
Ration.  The  level  of  the  liquid  will  now  be  different  in  the  two  arms 
by  a  height  which  will  depend  on  the  difference  of  pressure  at  the  two 
statJons. 

A  light  liquid  like  water  can  be  employed,  and  yet  tbe  instrument 
tray  be  kept  of  convenient  size.  If  tbe  stop-cocks  are  small,  they  may 
be  opened  alternately,  each  just  long  enoagh  to  partially  equalize  tbe 
difference  of  pressure  in  the  boxes ;  with  each  opening  tbe  level  of  the 
endeoftbe  liquid  columns  is  to  be  read  off,  and  the  sum  of  the  differences 
aeasores  the  difference  of  pressure.     (Am.  Meteor.  Journal,  ^,_^^^a^^ 
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Aspiration  thermometer. — ProfeaBor  AssmaoD  has  replied  to  tbe  objec- 
tions which  have  beeii  raised  agaioBt  hia  aspiratioa  thermometer,  after 
giving  it  a  thorough  test.  The  instrument,  even  when  exposed  to  tbe 
most  inteiiBe  sol»r  radiation^  should  record  the  true  temperature  of  the 
eurrountliug  air.  In  order  to  determine  whether  the  instrument  satis- 
fies this  requirement.  Dr.  Assmann  Bi>ent  fortf  weeks  on  the  Sentit  and 
found  as  a  result  of  several  thousand  obBervatioue  that  this  condition 
is  fulfilled  by  the  instrument  in  its  present  form.  By  means  of  an  ar- 
rangement of  clock-work,  a  constant  current  of  air  is  drawn  through  the 
metallic  tube  which  surrounds  the  thermomoter.  Thla  olock-nyrk 
is  attached  to  tbe  upper  end  of  the  tube  and  drives  a  fan  with  oonsid- 
erable  velocity,  thus  forcing  the  air  oat  of  the  tube  at  the  top  and  draw- 
ing it  up  firom  the  lower  portion  of  tbe  tube ;  by  this  means  a  rapid 
current  of  air  is  kept  streaming  over  the  thermometer.  By  direct  ex- 
periment with  hot  water  be  found  that  the  temperature  is  not  aSiected 
even  when  tbe  temperature  of  the  metal  tube  is  20°  G.  above  that  of 
tbe  snrroundiug  nir.    {Nature,  XL,  p.  660.) 

NeK  hygrometer — H.  Dofour  has  constrncted  a  dew-point  hygrometer, 
tbe  peculiarity  of  which  is  that  the  condensing  surfoce,  instead  of 
being  a  thin  silver  plate,  is  a  thick  silvered  copperplate  with  tbe  ther- 
mometer embedded  in  it.  Tbe  thermometer  thus  set  is  supposed  to 
register  the  temperature  of  the  condensing  surface  more  accurately  than 
when  immersed  in  the  evaporating  liquid,  and  that  one  of  tbe  largest 
errors  incident  to  the  dew-poiot  hygrometer  is  thereby  overcome;  but 
ii  seems  qnestionable  whether  this  result  is  secured.  {BuU.  Soc  Vav- 
doue,  18S8,  p.  88.) 

The  Tenth  Annual  Exhibition  of  Instrumentt  by  tbe  Boyal  Meteoro- 
logical Society  was  held  March  19-22, 1389.  Special  attention  was  given 
to  the  display  of  all  forma  of  solar  radiation  apparatus.  There  were 
shown  specimensoftbeactinometerof  Sir  John  Herschel,  thatof  Hodg- 
kinson,  Ponillet's  direct  pyr-heliometer,  Secchi's  apparatus,  Balfonr 
Stewartlff^itotinometer,  black  and  bright  bulb  thermometers  in  vacuo, 
Lnvini's  d^etheroscope,  Bellani's  lucimeter,  Grooke's  ra<liometer,  sun- 
shine recorders,  and  photometers. 

Among  new  inatmments  exhibited  wereFineman's  and  Galtou's  nepho- 
soopes,  Davis's  improved  air  meter,  Negretti  and  Zambra's  recording 
hygrometer,  and  de  Normanville's  self-compensating  sympiesometer. 

Mr.  Clayden  showed  a  working  model  illnatrating  tbe  generation  of 
ocean  currents.  This  shows  how  the  prevalent  winds  over  the  Atlantic 
are  the  chief  cause  of  tbe  circulations  of  tbe  waters.  A  number  of  tubes 
are  so  arranged  that  when  an  attached  blower  is  worked  tbe  circulation 
of  air  produced  resembles  that  of  the  atmosphere ;  the  imitation  winds 
thus  set  up,  re-act  upon  the  surface  of  the  water,  creating  a  system  of 
currents  which  reproduces  the  main  features  observed  in  the  Atlantic 
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Mr.  Glayden  also  showed  some  lantero  slides  illustrating  the  spiral 
drcdlatioD  of  the  wind  both  in  a  cyclone  aud  an  anti-cyclooe. 

Mr.  A.  L.  Botch  describes  the  meteorological  instraraents  exhibited  at 
the  Paris  Exposition,  the  special  features  of  which  are  the  many  novel- 
tie»  presented  in  selt-recording  apparatas.  {Am.  Meteor.  Journal,  Ti, 
pp.  293,  362.) 

Professor  Tait  has  devised  an  instrument,  named  the  stephanome,  for 
ineaaariujr  the  angular  size  of  halos,  parhelia,  coronie,  etc.  It  ia  now 
used  at  the  Ben  Nevifl  Observatory. 

Olovd  Photography. — Dr.  Riggenbnch,  of  Basle,  has  adopted  special 
methods  for  overcoming  the  difficolties  met  in  photographing  cirrns 
cloads.  The  bine  light  of  the  sky  acts  with  nearly  the  same  active 
energy  as  the  white  light  of  the  clouds.  Dr.  Rlggenbaob  dulls  the  blue 
liehtofthe  sky  by  means  of  the  analyzer  of  a  polarizing  apparatus. 
Hie  bine  sky-light  is  partly  polarized,  and  to  the  largest  extent  at  the 
poiots  which  are  sitnated  9(P  from  the  sun ;  the  plane  of  polarization 
pagsing  throngh  the  points  looked  at,  the  sun,  and  the  eye  of  the  ob- 
KTvra.  On  the  other  baud,  the  light  from  a  clond  is  |>olarized  only  to 
a  Blight  extent  Instead  of  a  Kicol's  prism,  a  dark  mirror,  or  better,  a 
plal«  of  obsidian  may  be  need;  and,  when  conveniently  situated,  the 
rarfaceof  a  lake  may  be  nsed  as  a  polarizing  mirror.     {Nature,  xxxi'KjP- 

m.) 

Thermometer  Shelters. — In  vol.  X  of  Aus  dem  Archiv  der  Deutacken  8ee- 
■rnrte,  Dr.  Kopjten  contribotes  a  useful  paper  on  the  determination  of 
air  temperatnre.  The  aotbor  investigates  the  influence  of  radiation  on 
different  thermometers  and  screens,  and  gives  a  r^sum4  of  the  experi- 
meotB  with  regard  to  the  latter  in  varioos  conntries,  and  of  the  obser- 
vations on  local  differences  of  temperatare  (including  the  influence  of 
ndiation).  These  experiments  seem  to  show  that  screens  throngh 
vhieh  the  air  can  pass  freely,  are  better  than  large  shelters,  and  that  the 
effect  of  radiation  is  lessened  by  the  &ee  circulation  of  the  air,  and  by 
tlie  smaltness  of  the  thermometer  bulbs. 

Pniehronutn/. — Dr.  Grossmann  has  published  in  the  ,\feteorotogitche 
Zattehrift  an  elaborate  paper  on  the  theory  of  the  paychrometer,  with 
M  introductory  sketch  of  the  development  of  the  subject  np  to  the 
present  time.    The  following  is  an  outline  of  his  treatment: 

(1)  If  a  wet  bulb  exposed  in  air  (pressore  B,  vapor  pressure  p,  and 
temperatare  t)  reads  ti  in  consequence  of  the  evaporation  of  water  (the 
latent  heat  being  A),  and  if  pi  be  the  pressure  of  saturated  vapor  at  ti, 
■e  may  assume  that,  when  the  conditions  have  become  steady,  the 
process  which  has  gone  on  and  is  going  on  continuously  round  the  wet 
bulb  is  as  follows :  A  quantity  of  beat  is  absorbed  by  evaporation,  the 
^apor  pressure  of  a  layer  of  air  containing  m,  grams  of  dry  air  being 
raised  from  p  top,;  this  heat  is  supplied  by  the  reduction  of  the  tem- 
perature of  a  layer  of  air,  containing  !»'  gramsof  dry  air,  from  (to  *i. 

Bqnating  these  quantities  of  heat,  we  get,  if  iS  be  the  specie  ^hf^At. . 
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of  dry  air,  8,  the  specific  beat  of  moist  air  referred  to  Doit  mass  of  dry 
air,  a  the  specific  gravity  of  vapor  referred  to  air  at  the  same  tempera- 
ture and  pressure, 

8  general  and  strict  formula  for  the  psjcbrometer  under  the  conditions. 
This  reduces  to  August's  formula' on  iutrodnciug  the  assumption  that 
the  whole  of  the  air  which  is  reduced  id  temperatnre  becomes  at  the 
same  time  saturated  by  the  evaporation,  in  other  words,  that  f»i=in. 

(2)  The  heat  derived  from  the  cooling  of  m'  is  assumed  to  represent 
all  the  heat  derived  from  conduction,  radiation,  local  convection,  and 
the  iDdepeudent  geueral  motion  of  the  air.  By  reckoning  separately 
that  part  of  the  heat  supplied  to  the  bulb  by  radiation  in  time  2  as 
equal  to  ZOR(t—ti)  (O  being  the  area  of  the  surface  of  the  bulb,  and  B 
the  coefficient  of  radiation),  we  get 


^— ll<'-<|+^^)[^f] <'i 


where 


~Z 


In  order  to  express  the  effect  of  the  velocity  of  motion  of  the  air, 
assume  that  q  and  ^  are  linear  functions  of  the  velocity  r  with  a  coeffi- 
cient f,  that  they  are  equal  when  v  is  inflnite,  and  that  their  values, 
when  V  is  zero,  are  ^i  and  q^'  respectively. 

Substituting,  we  get  the  following  general  formula  for  the  psychiom- 
eter,  iu  moving  air,  with  spherical  bulb,  radius  r: 

where  J.= A_J5;  15=  i.         ) 

The  values  of  8,  X,  ff,  and  B  are  known,  and  can  be  substituted  (A= 
606.5—0.695  t,  for  water-covered  bulbs,  and  6S5.5— 0.695  t,  for  ioe-oov- 
ered  bulbs). 

The  values  of  /,  and  q'e  are  not  known  d  priori,  but  they  may  be 
regarded  as  coustaot  for  a  giveu  velocity,  so  ^  aud  ^  can  be  deter- 
mined from  observations  with  the  psychrometer  npou  air  of  known 
humidity  moving  with  known  velocity,  and  thus  a  numerical  formula 
of  redaction  obtained.  It  is  assumed  that  the  radiation  effect  is  the 
same  in  moving  air  as  in  still  air. 

(3)  From  this  general  equation  the  formulas  hitherto  employed  can  be 
dednced  by  the  introduction  of  the  special  assumptions  upon  which  they 
are  respectively  based.  To  obtain  August's  formula  (corrected  for  ra- 
diation) K'  must  be  put  equal  to  7>,  and  (3  equal  to/3,.  In  Maxwell's 
fonnola  S  and  ff,  are  both  infinite.    Ferrel's  formula  for  moving  air  is 
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obtaioed  by  altering  the  ezpresaiou  for  radiation,  so  as  to  make  it  follow 
Dalong  and  Petit'e  law,  and  assuming  /?  to  be  equal  to  /?„  and  each  to 
be  inversely  proportional  to  tbe  velocity  of  the  air.  Tboqgh  the  theo- 
retical expressions  for  ^  and  ^  are  different,  the  resulting  formola  is 
identical  in  form  with  (5),  except  that  the  factor  -^^  is  omitted. 
A  DQiDerieal  table  shows  the  effect  and  iinportaace  of  the  missing  fac- 
tor, vbicb  is  moreover  shown  to  be  required  by  some  observations  of 
Ferrel's,  from  which  it  appears  that  tbe  factor  A  of  tbe  temperature 
difference  in  the  typical  psychrometer  formnta,  p=p, — AB  {t-U),  where 
A  ia  sQpposed  to  have  a  known  ^lae  in  making  reductions,  increases 
more  rapidly  with  tbe  temperature  of  tbe  wet  bulb  than  can  be  ac- 
coaated  for  by  tbe  mere  variation  of  the  latent  heat. 

(4.)  Tbe  values  of  A  for  t\  bO)  are  also  tabulated  for  a  series  of  veloci- 
ties; tbey  show  considerable  variation  for  small  velocities,  and  also 
jireater  variation  with  s  large  balb  than  with  a  small  one.  On  this  ac- 
coant  it  is  evidently  necessary  to  provide  for  a  constant  ventilation  of 
tbe  pHychrometer,  and  to  determine  the  factor  A  for  tbe  specific  arrang- 
ment  of  the  psychrometer  by  comparison  with  a  dew-point  instrnment. 
For  email  velocities  the  constants  for  each  psychrometer  must  be  deter- 
miaed  as  far  as  possible  under'the  conditions  that  will  obtain  when  the 
iDBtmment  is  subsequently  used  for  observations. 

(5)  The  nse  of  psychrometer  tables,  founded  upon  Beguault's  fonnnla, 
certainly  gives  on  the  average,  for  psycbrometers  with  small  bulbs,  too 
Mall  values  for  the  humidity, 

(6)  Tbe  question  as'to  whether  different  values  for  the  latent  heat  of 
TaporiKation  should  be  substituted  in  foridnlae  for  water-covered  bulbs 
and  ice-covered  bulbs  respectively  was  raised  by  Sworykiu  upon  his 
fiodiug,  in  comparisons  before  mentioned,  that  the  formula  for  water- 
covered  bulbs  gave  satisfactory  reductions  when  applied  to  ice-covered 
bQibs.  It  is  pointed  out  (following  Ekbolm)  that  practical  importance 
IB  to  be  attacbed  to  the  fact  that  below  tbe  freezing-point  tbe  pressure 
of  water  vapor  has  one  value  over  ice,  and  another  over  water  at  the 
same  temperature.  The  latter  is  the  greater,  and  should  be  taken  in 
dew-point  experiments,  whereas  Regnault's  table  (used  bySworykin  in 
the  comparison)  gives  the  ice- vapor  pressure.  When  account  is  taken 
of  this,  it  is  shown  that  Sworykin's  observations  do  not  entitle  us  to 
abuidon  the  change  in  the  value  of  A  for  ice-covered  bulbs,  which  is 
required  on  theoreticalfgrounds-     {Qaar,  Jourtiai  Roy,  Meteor,  8oe.) 

Ur.  8.  A.  Hill  has  made  a  series  of  comparative  observations  with  the 
PQchrometer  and  condensing  hygrometer  under  a  wide  range  of  con- 
ditions. He  discusses  tbe  difficulties  and  tbe  limits  of  error  in  the  use 
of  the  dew-point  apparatus,  which  he  adopts  as  a  standard  foroompar. 
iog  with  the  results  given  by  the  psycbrometric  formula  of  Kegnault. 
Hia  principal  results  are :  Tbe  factor  A  of  tbe  psychrometer  formula  is 
■Pprozimately,  if  not  entirely,  independent  of  the  air  pressure,  .ind  also 
iodependent  of  the  relative  humidity.    On  an  occasion  of  extreme  dry-|^> 


2*24  PUOGSESS  OF   UETEOBOLOOK  IN   1889. 

ness  the  direct  dew-point  determinatiou  gave  tlie  vapor  pressare  5.2"'', 
while  Begnault'8  formula  gave  3.9'>°>,  a  value  considerably  too  small.* 

Anemometry. — Prof.  G.  F.  MarviD,  in  presenting  the  resDlt«  of  tlie 
recent  esperimentH  of  the  TJ.  S.  Signal  Office  for  determining  anemom- 
eter factors,  points  one  that  an  important  coosideratioa  has  hitherto 
been  overlooked  in  applying  the  factors  obtained  in  whtrling-machine 
experiments  to  anemometers  in  actual  use.  In  the  experiments  the 
velocity  is  nniform,  in  practice  the  wind  is  extremely  variable.  The 
revolving  parts  of  an  anemometer  exiwsed  to  a  variable  wind  will,  in 
consequence  of  their  inertia,  fall  short  of  tbeir  proper  rate  of  revola- 
tiou  when  the  velocity  of  the  wind  is  increasing,  and  then  catch  up  and 
run  too  fast  when  the  wind  velocity  diminishes,  and  it  has  been  gener- 
ally assumed  that  the  amount  lost  in  the  one  case  is  balanced  by  that 
gained  in  the  other,  so  that  the  mean  rate  is  not  affected.  Bnt  sach  is 
not  the  case,  from  the  fact  that  the  resultant  force  acting  on  the  cups 
when  the  wind  is  increasing  and  tending  to  increase  the  velocity  of  the 
cups  is  much  greater  than  the  corresponding  force  in  action  when  the 
wind  is  diminishing  in  intensity  and  tending  to  retard  the  velocity  of 
the  cups.  In  one  case  it  is  a  question  of  the  resistance  of  the  air  to  the 
concave  side  of  the  cups,  and  in  the  other<that  to  the  convex  surfacej 
the  latter  being  smaller,  the  cups  will  always  continue  to  move  more 
rapidly  and  longer  after  the  wind  has  diminished  in  velocity,  than  they 
lagged  behind  when  the  wind  was  increasing,  so  that  the  mean  velocity 
of  the  cups  exposed  to  a  variable  wind  is  appreciably  higher  than  it 
would  be  in  a  uniform  wind  having  the  same  mean  velocity.  Conse- 
()uently,  if  the  equation  of  an  anemometer  whose  constants  have  beeu 
determined  upon  a  whirling  machine  be  used  to  reduce  ordinary  obser- 
vations, the  computed  wind  velocities  will  be  too  high  by  an  amoont 
depending  upon  the  moment  of  inertia  of  the  cups  and  the  extent  of 
the  wind  variations.  8ince  these  latter  are  too  complicated  to  be  de- 
termined, it  is  impossible  with  anemometers  of  the  Robinson  type  to 
obtain  accumte  measures  of  the  mean  velocity  of  a  variable  wind  unless 
the  moment  of  inertia  of  the  cups  is  very  small  in  relatiou  to  the  wind 
■  pressures,  and  even  then  the  result  is  still  affected  by  another  error. 

For  accurate  results  a  formula  involving  the  square  as  well  as  the 
first  power  of  the  velocity  of  the  cups  must  be  used,  as  in  the  form 
V=a+bv+ct)^  where  F=velocity  of  wind  and  t=mean  velocity  of  the 
cup  ceutera  Kow,  when  the  wind  is  variable  the  third  term  should  not 
beep' but  -  (»'i'+«'i'+t3'+»4'+  ....  fo'};  even  in  ordinary  cir- 
cumstances this  difference  between  the  square  of  the  mean  velocity 
and  the  mean  of  the  squares  is  appreciable. 

The  constants  for  a  small  anemometer  of  extreme  lightness  were  de- 
termined with  great  precision  on  a  whirling  machine  and  comi>arisonB 
in  open  air  made  between  it  and  a  Signal  Service  anemometer  of  the 

*  Furrd'a  tables  would  have  tnatlH  tk«  vnpur  prcasnn.'  6.0'"'",  which  is  k  Hut  approi- 
inuttioD  to  tile  valne  given  by  the  direct  hygrometer. — Q.  E.  C.    L  ilKV^K' 
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oidioary  pattern  whose  oonBtants  had  also  beeu  determined.  Tbeee 
comparisons  bare  sbowo  that  the  wind  velocities  computed  from  the 
ordinary  anemometer  average  10  per  cent,  higher  than  the  wind  ve- 
locities given  by  the  little  anemometer  having  very  small  inertia,  and 
that  the  percentage  of  excess  increased  with  decrease  of  wind  velocity. 
An  anemometer  was  then  tried  whose  cups  were  weighted,  and  still 
greater  percentages  of  excess  were  discovered.  {Am.  Meteor.  Journal, 
n,  p.  115.) 

Tbe  wind  force  committee  of  the  Boyal  Meteorological  Society, 
consisting  of  Mr.  G.  M.  Whipple  and  Mr.  W.  H.  Dines,  has  made  a 
report  on  experiments  with  anemometers  at  Hersham.  A  whirling  ap- 
paratasot  29  feet  radius  was  rotated  by  meausof  asmall  steam-engine. 
On  tbe  arms  of  the  wfairler  fonr different  anemometers  were  placed; 
each  eiperiment  lasted  fifteen  minntes,  the  steain-pressnre  remaining 
constant  daring  the  run.  For  the  new  standard  nnemometer  with  arms 
2  feet  long  the  experiments  gave  a  mean  value  for  Bobinson's  factor 
of  2.16,  and  for  two  smaller  instruments  the  factor  is  2.51  and  3.96.  Mr. 
Dines*  belicoid  anemometer  gave  very  satisfactory  results,  the  mean 
hctor  being  0.996.     {Nature,  xixviii,  p.  191.) 

Air  pressure  against  moving  pUites. — ^The  results  of'Becknagel's  ex- 
|)eninent8  on  the  resistance  of  the  air  to  the  motion  cf  plates  on  a 
wbirliog-machiue  agree  iu  general  with  those  of  other  experimenters. 
He  finds  that  the  total  resistance  is  greater  tbe  smaller  tbe  distance  ot 
tbe  plate  from  the  axis  of  rotation.  The  total  resistance  B  which  a 
circular  plate  of  diameter  D  experiences  when  rotated  at  a  distance 
Lfrom  tbe  axis  of  rotation  is  from  his  experiments — 

3.2t  I)  -  0.632  IP\ 


E  =  H-^(l.l2+'- 


in  which  S  represents  tbe  pressure  dne  to  the  velocity,  or  „  .  A  for- 
mala  is  given  for  tbe  distribution  of  pressure  over  tbe  front  of  tbe 
l>lal«,  and  the  diminution  of  pressure  behind  the  plate  is  shown  to  de- 
liend  largely  on  its  diameter.  {Meieorologische  Zeitsckri/l,  1889,  Tt.,  p.  3.) 
Mr.  W.  H.  Dines  has  conducted  a  series  of  wbirling-machine  experi- 
ments to  determine  the  pressure  on  various  shaped  objects  placed  at 
the  eDd  of  tbe  arm  and  whirling  with  different  velocities.  The  machine 
vas  o|>erated  by  steam-power.  The  pressure  upon  a  plane  plate  tbree- 
eightbs  inch  thick,  and  either  round  or  square,  was  found  to  be  1,51 
iwonds  i>er  square  foot  for  a  velocity  of  20.86  miles  per  hour.  Tbe 
pressure  upon  tbe  same  area  is  increased  by  increasing  the  perimeter. 
The  pressure  upon  a  one  quarter-foot  plate  the  author  states  to  bo  pro- 
portionately less  than  upon  a  plate  either  one-half  or  double  its  size, 
and  the  pressure  upon  any  surface  was  found  to  bo  but  slightly  altered 
by  a  cone  projecting  at  the  back.  {Quar.  Jour.  Boy,  Met.  Soc.,  XT, 
p.  187.) 
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Measurement  of  rain-fall. — Prof.  Cleveland  Abbe  lias  diacassed  at 
lengtli  tlie  sources  of  error  in  the  collection  aud  measurement  of  rain- 
fall. From  a  stndy  of  published  observations  of  rain-fall  measures  at 
different  heights  above  ground  he  finils  that  the  deficit  in  collection 
equals  6  per  cent,  multiplied  bythesqnareroot  of  the  altitude  in  ineteis. 
It  is  further  shown  that  the  error  of  collection  may  bei  eliminated  by 
observing  two  gauges  at  different  altitudes  and  applying  a  formala  of 
reduction,     (^m.  Meteor,  Journal,  vi,  p.  241.) 

Errors  in  thermometer  readings.  —  Messrs.  W.  A.  Bogers  and  R.  B. 
Woodward,  in  a  paper  ou  errors  in  reading  mercurial  thermometers,  die- 
cussed  an  instrumental  error  hitherto  generally  overlooked.  The  theo- 
retical study  of  Professor  Woodward  led  to  a  dynamical  equation  ex- 
pressing the  motion  of  the  end  of  the  column  in  terms  of  its  mass,  the 
volnme  and  elasticity  of  the  bulb,  and  the  fVictioQal  and  other  forces, 
including  surface  tension.  When  the  latter  forces  are  constant,  and 
when  the  rate  of  temperature  rise  is  constant,  the  formula  shows: 
(1)  That  the  motion  of  the  end  of  the  column  is  by  pulsations  of  regular 
recurrence,  the  reading  of  the  thermometer  being  alternately  too  great 
and  too  small ;  (2)  that  the  period  of  recurrence  in  the  same  thermom- 
eter varies  directly  as  the  square  root  of  the  rate  of  temperature  rise; 
(.3)  that  the  amplitude  is  sensibly  constant;  {4)  that,  since  the  ampli- 
tnde  is  nearly  constent  and  the  period  thus  dependent  on  the  rate  of 
the  temperature  rise,  the  danger  of  error  in  thermometer  readings  is 
greater  for  slow  than  for  rapid  temperature  changes.  {Report  Am. 
Assoc.  A.  a.,  1889.) 

Method  of  obtaining  daily  mmn  temperatvret. — Dr.  W.  KSppen  has 
sought  for  the  most  accurate  method  of  deriving  the  true  daily  meau 
temperature  ftom  observations  made  at  8  a,  m.,  2  and  8  p.  m.,  and  the 
miuimani  tem|>erature.  The  author  assumes,  as  recommended  by  the 
Vienna  Congress,  that  the  true  mean  temperature  m  is  given  by  the 
formula  m=n— A;  (n— nttn)  where  nis  the  arithmetical  meanof  the  three 
observed  values,  and  k  a  constant  to  be  determined.  The  author  has 
determined  the  valoe  of  A:  for  different  seasous  at  different  places  where 
hourly  temperatures  have  been  recorded,  and  finds  that  in  spring  aud 
summer  the  value  is  almost  the  same  at  all  stations.  In  a  similar  way 
the  author  investigates  the  accuracy  of  the  combination  of  the  8  a.  m., 
2  p.  H.,  and  8  p.  m.  without  tlie  minimum  temperature.  {Meteorolo- 
giaclie  Zeitxchrift,  1889,  vi,  p.  [1].) 

Reduction  of  air  pressure  to  high  levels. — As  a  supplement  to  his  paper 
on  the  construction  of  isobars  for  the  level  of  2,500  meters  (Meteo- 
rologisoke  Zeitsckrlft,  December,  18S8),  Dr.  Koppen  gives  the  following 
table  of  constants  for  obtaining  the  mean  temperature  of  the  air  oolumo, 
or  the  temperature  at  1,250  meters,  by  subtracting  them  fixtm  the  sea- 
level  temperatures : 
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BArometer. 

Below 
760--. 

4° 

61= 

70 
9° 

760- 
766-™. 

Above 
T65--. 

Wealc.  eaat«rly  wbde,  Dorth-  S 
cMt  to  Mntb.                           J 

Temp,  below  0=  C 

Temp.  0°  to  15°  C 

Temp,  above  15°  C 

30 

6° 
8° 

_ 

-8° 
0° 

2° 

StcDog  westerly  wiDds,  sonth- 
WMt  (o  north. 

(Meteoroloffiache  Zeitsehri/t,  1889,  vi,  p.  348.) 

BaUoon  obaervaUoin. — Lieatenant  Uiidebeck  has  made  a  contribution 
to  the  meteorology  of  the  upper  curreota  by  obaervatiODS  made  in  a 
ballooD  Toyage  March  31, 1888,  from  Berlin.  The  marked  pbenomeuon 
eiperieaced  was  the  ibflaencd  of  rivers.  After  the  balloon  had  risento 
a  height  of  300  to  500  meters,  it  sank  so  r^idJy  while  passing  over  the 
Spree  that  when  it  was  about  60  meters  above  the  earth  a  large  quan- 
ti^  of  ballast  had  to  be  thrown  out.  At  an  elevation  of  1,200  meters 
he  met  with  a  long  narrow  rain-cload,  in  passing  throagh  which  the 
di7-bnlb  thermometer  registered  1°.5  C,  the  wet  bulb  1°  G. ;  at  an 
Oration  of  1,300  to  1,400  meters  both  thermometers  registered  the 
Bane  temperature,  2<>.5  0.  At  this  height,  and  in  circumscribed  areas, 
afew  very  small  semi-soft  hailstones  were  observed. 

Soaring  of  birds. — Mr.  G.  K.  Gilbert,  in  a  paper  read  before  the  Phil- 
osophical Society  of  Washington,  shows  that  the  soariog  of  birds  is  ren- 
dered possible  by  the  differential  motions  of  the  air.  The  following 
paragraphs  areextracted  from  his  paper : 

"The  soaring  bird,  with  wings  expanded,  is  formed  so  as  to  move 
forward  with  little  friction  and  downward  with  great  friction.  We 
may  conceive  him  as  having  two  coincident  motions — a  forward  motion, 
ioitiated  by  mascnlar  action ;  and  a  downward  motion,  under  the  pull 
of  gravity.  In  order  that  the  resultant  may  be  horizontal,  it  is  neces- 
sary (1)  that  the  forward  coatponent  bedirect«d  obliquely  upward,  and 
(2)  that  it  exceed  a  certain  minimum  amonnt. 

"However  small  may  be  the  friction  created  by  the  forward  motion 
it  is  not  nil,  and,  unless  the  energy  it  consumes  is  iit  some  way  re- 
placed, the  forward  motion  is  eventually  so  reduced  that  the  horizon- 
tal motion  cannot  be  maintaiued.  It  is  proposed  to  show  that  the 
Deeded  compensatory  energy  may  be  derived  from  the  differential 
motions  of  the  air. 

"Let  us  assame  that  the  air  currents  above  and  below  a  certain  hor- 
uontal  plane  have  the  same  direction  but  different  velocities,  the  upper 
moving  the  faster  by  a  certain  amount,  i.  A  soaring  bird  is  moving 
throagb  the  lower  air  in  the  opposite  direction,  and  the  bird's  velocity 
*iUi  reference  to  the  air  is  V,  then  the  velocity  of  the  bird  with  refer- 
eooe  to  the  upper  current  is  r+». 
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''NowletthebirdchaDgeliiBcourae,  tumingobliquely  upward  and pasb- 
ingiato  the  appercurreot.  His  velocity  with  reference  to  the  airin  which 
heisimmersedisatouceincreasedfrom  Fto  V+i.  Xext  let  the  bird  wheel, 
to  the  right  or  to  the  left,  uutil  thedircctioa  of  his  motiou  is  coincident 
with  that  of  the  wind.  His  velocity  with  reference  to  the  upper  oorreDt  is 
still  V+  i,  bat  the  reversal  of  bis  direction  bas  changed  his  relation  to 
the  currents.  He  is  passing  the  lower  and  slower  current  more  rapidly 
than  be  passes  the  upper,  and  bis  veloeity  with  reference  to  the  lower 
current  is  greater  by  their  difference;  it  is  T  +  2i.  Now  let  him  de- 
scend obliquely  and  enter  the  lower  current.  His  velocity  is  not  ^- 
fect«d  by  the  transfer.  Finally  let  him  wheel  in  the  lower  current  until 
his  direction  is  once  more  directly  op)>osed  to  that  of  the  wind.  The 
cycle  of  evolutions  leaves  bim  with  the  velocity  V  +  2i,  referred  to  the 
lower  current,  in  the  place  of  his  initial  velocity  F,  referred  to  the  same 
datum.  He  bas  gained  a  velocity  of  2t,  or  double  the  velocity  of  one 
air  current  referred  to  the  other,  and  he  has  resumed  bis  original  rela- 
tion to  the  currents.    Manifestly  he  can  repeat  the  process  indefinitely. 

"Add  now  that  velocity  thus  gained  is  the  required  compensation 
for  the  velocity  lost  by  friction,  and  the  essence  of  the  theory  is  stated." 

When  the  orbit  of  the  bird  ia  circular  and  lies  in  an  inclined  plane 
rising  toward  the  wind,  and  when  the  horizontal  velocity  of  the  air  di- 
minishes uniformly  from  the  highest  point  to  the  lowest  point  of  the 
orbit,  the  velocity  gained  by  the  bird  in  making  tbe  circuit  is  equal 
to  the  differential  velocity  of  the  highest  and  lowest  layers  of  air 
traversed,  multiplied  by  |  into  the  cosine  of  tbe  angle  of  inclinatioD  of 
the  plane  of  the  orbit. 

IV.— I'HTSICAL  PBOPEBTIES  OF  THE  ATMOSPHEBE  AJJD  THE  OCEAN. 

Height  of  the  atmospkere. — M.  Soret  criticises  tbe  assumption  made 
by  Liais  iu  his  method  for  determining  the  height  of  the  atmospbere. 
Liais  found  that  tbe  light  of  tbe  sky  is  stilt  polarized  in  a  plane  passing 
through  the  sun  when  tbe  sun  is  18°  below  the  horizon,  and  concluded 
from  this  thai,  tbe  sun  must  have  directly  illuminated  tbe  air  particles 
in  the  zenith  of  the  observer.  Soret  shows  that  by  dilAision  of  the 
second  order  a  mass  of  air  in  the  shade  may  be  illuminated  by  the  par- 
ticles in  the  sunlight.  Mathematical  analysis  shows  tbat  in  this  case 
also,  tbe  light  diffused  by  tbe  mass  in  shade  is  polarized  in  the  plane  de- 
termined by  the  point  considered  and  the  eye  of  tbe  observer.  Heooe 
the  results  of  Liaisare  subject  to  the  error  of  his  assumptiou.  {CompUa 
Bendus,  on,  p.  103.) 

Specific  volume  of  aqueous  vapor. — Dr.  Dieterici  bas  presented  to  the 
Physical  Society  of  Berlin  the  results  of  his  researches  on  the  determina- 
tion of  tbe  specific  volume  of  saturated  vapor  at  0°  0.  His  new  method  is 
to  measure  the  amount  of  water  that  must  be  converted  into  vapor  at 
0°  0.  in  order  to  fill  completely  a  known  space  wltli  saturated  vapor  by 
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meauB  of  the  heat  which  becomes  latent  dnriog  ita  evaporation.  The 
vefisel  CfHitEUDing  the  water  was  immersed  id  aa  ice  calorimeter  and  was 
connected  with  a  large  apace,  which  coald  be  rendered  both  vaoaoas 
and  dry.  The  water  was  theu  allowed  to  evaporate  until  the  space  waa 
filled  with  satorated  vapor;  the  amonnt  of  heat  requisite  to  prodace 
the  observed  evaporation  was  determioed  fh>m  the  amonnt  of  mercury 
which  was  expelled  from  the  calorimeter,  and  this  then  gave  the  amount 
of  water  evaporated.  Cue  outcome  of  the  experiments  is  that  Gay- 
108830*8  law  holds  good  almost  np  to  the  temperatoie  of  satDratiOD. 
The  mass  of  water  that  mnst  be  evaporated  in  order  to  saturate  a 
space  of  1  liter  capacity  at  0°  0.  was  found  to  be  1.886  milligrammes; 
hence  the  specific  volume  of  aqueous  vapor  aatnrated  at  0°  U.  is  204.7 
liters,  aud  its  pressure  is  4.62  millimeters. 

Spectntm  of  ozone.— Ht.  W.  N,  Hartley  has  examined  the  absorption 
gpeetrnm  of  ozone  by  photographing  the  ultra-violet  rays  transmitted 
tlirangh  measured  quantities  of  the  gas,  and  finds  that  it  possesses 
moet  extraordinary  absorptive  powers.  Coruu's  experimeutal  proof 
that  the  nltra-violet  rays  of  the  sun  are  absorbed  with  energy  by  the 
atmosphere  is  attributed  by  Hartley  to  the  ozone  which  is  a  constituent 
of  the  atmosphere,  and  which  he  states  is  in  greater  proportion  in  the 
npi>er  regions  than  near  the  earth's  surface. 

The  explanation  that  the  blue  color  of  the  sky  is  caused  by  reflection 
from  miunte  particles  which  on  account  of  their  size  most  readily  redect 
.  bine  rays  is  rejected  as  incompetent,  and  a  theory  suggested  by  his 
own  experiments  is  presented.  He  announces  that  ozonized  oxygen  is 
highly  fluorescent,  and  that  the  color  of  the  Huorescence  is  »  beautiful 
steel  bine.  Oxygen  also  is  believed  to  be  fluorescent,  though  this  has 
not  been  proved. 

He  concludes  (1)  that  tbe  extreme  limit  of  the  solar  spectrum  ob- 
served by  Oomu  is  caused  by  tbe  gases  in  tbe  atmosphere,  probably 
both  by  oxygen  and  ozone;  (2)  that  the  blue  of  the  sky  is  cause<l  in 
part  by  fluorescence,  and  probably  ozone  and  oxygen  are  the  chief 
flnorescent  sabstances ;  (3)  that  ozone  is  generally  present  in  tbe  air  in 
snffident  qnantity  to  render  its  characteristic  absorption  spectra  visi- 
ble, and  that  therefore  it  gives  a  blue  color  to  the  atmospbere  by  ab- 
soiption.    {Nature,  XXXIX,  p.  475.) 

5peci/ic  heat  of  tea  water. — Messrs.  Thoulet  and  Chevalier  have  pre- 
sented to  the  Paris  Academy  of  Sciences  the  results  of  a  series  of 
measnremeuts  on  the  specific  heat  of  sea  water  at  different  degrees  of 
dilation  and  concentration.  The  results  are  applied  to  explwning  the 
enftrmous  influence  exercised  by  the  sea  in  modifying  climates. 

The  iaw  of  thermal  radiation. — H.  F.  Weber  derives  for  the  total 
radiation  of  a  body  the  formula  8=CFT^J  where  0  is  a  constant  de- 
pending on  the  nature  of  tbe  substance  and  the  properties  of  its  sur- 
face, and  a  is  a  constant  for  all  solids.    F  is  the  radiating  surface  and 
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Ttbe  absolute  temperature.  He  belterea  that  thU  formala  will  bold 
good  for  all  temperataree  between  tlie  meltiDg  point  of  ice  op  to  tbe 
meltiDg  point  of  platinnm,  wbile  Stefan's  law  gives  results  too  high 
for  low  temperature  and  mncb  too  low  for  high  temperatures. 

HetT  Graetz  ( Wiedemann's  Annalen,  18S9,  p.  857)  criticises  Weber's 
claims,  and  maintains  that  Stefan's  formuin  has  a  much  better  basia 
IT,  than  this  new  formula.    (Meteorologiscke  Zeitschrift,  1889,  ti,  p.  38.) 

Laws  of  thermal  radiation. — In  an  article  on  the  law  of  tbe  thermal 
radiation,  Professor  Fercel  has  compared  with  observational  data,  both 
Duloug  and  Fotit's  law  and  Stefan's  law  of  radiation.  He  finds  that 
Duloug  and  Petit's  law  holds  throagh  only  a  comparatively  short  range 
of  temperature,  and  tbe  same  is  true  of  any  function  of  tbe  same  general 
form ;  but  by  giving  different  values  to  the  constant  in  tbe  formala 
(taken  by  Duloug  and  Petit  as  l.OOTT),  increasing  with  lower  temi>era- 
tnres,  the  late  of  cooling  may  be  represented  through  a  considerable 
range  of  temperature.  For  tem]>eratures  from  &0°  C.  to  137°  C. 
Stefan's  law  agrees  with  tbe  observed  rates  of  cooling,  but  for  higher 
temperatures  an  exponent  of  4.2  is  required  instead  of  i. 

Professor  Ferre!  then  shows  that  the  law  of  radiation  for  the  result- 
ant radiation  of  all  wave  lengths  must  differ  very  much  iu  different 
bodies  in  wbich  (be  radiativities  differ  considerably  from  that  of  a  sur- 
face of  maximum  radiativity,  according  as  the  predominating  wave 
lengths  in  the  radiations  are  toward  the  one  or  the  other  end  of  the 
spectrum.  Tbe  application  of  the  various  radiation  forniulte  in  obtain- 
ing the  temperature  of  tbe  sun  is  shown  to  give  no  reliable  reeolts. 
{American  Journal  of  Science,  xxxvin,  p.  3.) 

T.-SOLAB  BADIATION  AND  ATMOSFHBBIC  ABSOBPTION;  TEUPERATUHE. 

Solar  radiation. — During  tbe  summer  of  188$  a  series  of  observations 
of  solar  radiation  were  made  on  Mont  Veutoux  (altitude  1,907  meters) 
with  a  continuously  recording  photographic  Orova  actinometer.  The 
following  is  a  brief  statement  of  results : 

Coutiuual  oscillations  are  apparent  iu  the  solar  curve;  but  with  a 
smaller  amplitude  than  at  Montpellier. 

A  regular  midday  depression  of  tbe  curve  takes  place  to  the  same 
degree  as  at  Montpellier.  This  is  due  te  the  vertical  ascent  of  vapor, 
and  uot  to  the  infiueuce  of  tbe  sea. 

Tbe  solar  constent^  computed  from  tbe  observations  at  Monti>ellier, 
is  nearly  3  calories,  and  it  is  believed  that  the  registering  apparatu!) 
and  tbe  metbo<l  when  used  at  greater  heights  will  give  a  value  greater 
than  3  calories. 

Tbe  polarization  of  the  sky-light  appears  as  a  rale  to  be  greater  the 
greater  tbe  solar  constant  and  tbe  smaller  the  diathermancy.  Conse- 
quently the  degree  of  i>olarization  may  furnish  useful  indications  for 
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jadging  the  relative  diathenDancy.  {MeteorvIogUohe  Zeittchri/t,  1889, 
VI,  p.  62.) 

E.  Ssawelief  has  made  a  series  of  solar  radiadoii  obaervations  at 
Kiew,  extending  throngh  18S8.  The  instrDment  nsed  was  a  Crora 
BctiDometer.  The  yearly  range  of  the  intensity  of  solar  radiation  at 
Kiew  agrees  vith  that  at  Montpellier,  The  principal  maximum,  1.39 
calories,  occurred  on  May  8;  tbe  principal  minimum,  1.13  calories,  at 
tlie  winter  solstice  (on  account  of  the  small  altitude  of  the  snn).  Since 
the  ralnea  of  the  radiation  are  very  nearly  the  same  at  Montpellier  and 
at  Eiew,  thongh  the  latter  is  7  de^es  farther  north,  it  follows  that  in 
Kiusia  the  air  has  a  materially  greater  diathermancy.  The  variations 
of  the  diathermancy  at  Kiew  are  smaller  than  at  Montpellier. 

Tbe  yalne  of  the  solar  constaut  is  computed  from  a  series  of  forty-two 
measnres,  made  on  January  7,  and  fonnd  to  be  2.86  calories.  In  obtain- 
iDg  this  result,  the  observations  at  midday  were  excluded  because  they 
Bhowed  a  smaller  radiation  than  both  before  and  after  noon,  resnitingfrom 
adimiDJahed  diathermancy.  This  large  solar  constant,  Which  approaches 
very  nearly  to  Langley's  values,  shows  again  tbe  extraordinary  purity 
of  the  air  in  Russia  OD  fine  winter  days.    {Oomptes  Rendus,\jYUl,  p.  287.) 

Actinometric  observations  made  in  1888  at  the  Montpellier  Observa- 
tory are  reported  by  M.  A.  Crova  as  cooflrmiiig  the  results  establisbcd 
by  previous  observatious,  namely,  that  a  primary  maximum  of  intensity 
always  occors  in  spring  and  a  secondary  maximam  in  antumn.  [Na- 
Ure,  IXXIX,  p.  504.) 

Dr.  J.  M.  Pemter  has  discussed  the  solar  radiation  observations  made 
by  Lepbay  at  Gape  Horn  with  a  Pouillet  pyr-hcliometer,aud  despite  the 
fact  that  such  a  crude  iostrament  was  used,  some  valuable  results  are 
derived. 

A  selection  of  the  best  observations,  tabniated  according  to  the 
lenitb  distance  of  the  sun,  shows  that  the  diathermancy  of  the  atmos- 
phere increases  materially  with  the  zenith  distance  of  the  sun.  The 
CMue  of  this  is  attributed  to  the  fact  that  rising  air  currents  are  most 
frequent  in  summer  and  in  the  middle  of  the  day,  and  that  aqueous 
v^r  carried  to  great  heights  by  these  convective  currents  is  condeused 
Id  the  upper  air  strata  even  on  clear  days  when  the  amount  of  condeusa- 
tioD  ia  not  sufficient  to  be  visible.  The  average  summer  value  of  the 
midday  diathermancy  ia  0,55 ;  the  average  winter  value  is  0.80.  {^e- 
UorologUche  ZdUchrift,  1889,  VI,  p.  130.) 

Abnotpheric  abaorption. — Dr.  Angstrcim  has  communicated  to  the 
Boyal  Academy  of  Sciences  at  Stockholm  acontribntion  on  the  absorp- 
tion of  radiant  heat  through  the  various  components  of  tbe  atmosphere. 

Dutribution  of  heat  over  the  earWs  surface. — Dr.  Zenker  has  made 
ut  elaborate  research  on  the  distribution  of  heat  over  the  earth's  surface, 
taking  account  not  only  of  the  radiation  from  the  suu  and  absorption 
of  heat  by  the  atmosphere,  but  also  of  the  effect  of  the  distribution  of. 
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land  and  water  over  the  earth's  snrface.  lo  preTioos  researches  on  the 
distribation  of  heat,  the  mean  valnes  have  been  determined  and  based 
upon  empirical  obmrratioDs;  bnt  Dr.  Zeuker  has  calcnlated  the  distriba- 
tion of  heat  over  the  anrfoce  of  the  sea  with  the  help  of  Hann's  isothermal 
charts,  starting  with  the  temperature  of  a  point  on  its  snrface  which 
was  qnite  niiiuflnenced  by  the  neighboring  continents,  and  was  coose- 
qnently  equally  oDaffected  by  any  warm  or  cold  current.  Using  this 
factor,  and  the  formalse  deduced  lu  the  theoretical  part  of  bis  paper, 
ho  has  calculated  the  distribution  of  heat  from  the  pole  to  the  eqaator 
for  each  snccessive  parallel,  and  compared  it  with  the  disbibation  of 
solar  radiation.  As  a  basis  for  the  distribution  of  heat  over  the  surfooe 
of  the  land,  it  was  first  necessary  to  determine  the  condition  under  which 
the  induence  of  the  neighboring  sea  is  either  DothiDg  or  minimal  in 
amount.  The  starting  point  for  this  wa«  the  fact  that  the  temperatures 
on  the  continents  exhibit  very  great  variations,  and  from  these  was 
determined  for  each  area,  as  a  percentage,  the  relative  inflaeocesof  the 
sea  and  continent  upon  its  temperature  The  region  where  the  influ- 
ence of  the  sea  was  provetl  to  be  nil  (or  where  the  "continentality" 
was  100  per  cent.)  was  in  the  neighborhood  of  tlie  east  coast  of  Asia, 
whereas  all  other  points  were  found  to  be  affected-  by  the  neighboriog 
sea  to  a  greater  extent.  The  observed  temperatnre  on  the  land  was 
therefore  only  partly  dependent  upon  the  position  of  the  place  on  any 
given  parallel,  other  influences  making  themselves  more  or  less  felt 
Hence  it  was  possible  to  calculate  for  each  parallel  the  real  and  "  aoces- 
Bory"  temperature.  The  amount  of  heat  radiated  from  the  snn  was 
compared  with  these  temfteratures,  and  was  found  to  be  about  the  same 
foreachlO^C.of  differenoeiutemperatare;  from  0° to  10°  O.  however, 
quite  considerable  differences  in  radiation  were  necessary.  In  coDclo- 
siou,  Dr.  Zenker  comparetl  the  temperatures  which  really  exist  on  the 
earth's  surface  with  those  which  he  had  dedacetl,  and  foantl  that  in  re- 
ality the  climate  on  the  sea  in  the  southern  hemisphere  is  colder  than  it 
should  he  according  to  calculations — a  result  which  must  be  attributed 
to  ocean  currents  of  cold  water.  The  continental  climate  in  the  north 
ern  hemisphere  13  slightly  too  warm,  iu  consequence  of  the  effect  of  the 
Gulf  Stream.     {Nature,  xxxvni,  p.  48.) 

Terrestrial  temperature. — Mr.  Arthur  Searie  in  a  papef  entitled 
"Atmospheric  economy  of  solar  radiation,"  discusses  the  manner  in 
which  the  assumed  protective  action  of  the  atmosphere  maintains  ter- 
restial  temperatures.  Since  the  supposed  effect  of  selective  absorption 
whereby  the  atmosphere  was  supposed  to  be  more  diatbermanous  to  solar 
than  to  terrestrial  radiatiou,  has  been  largely  disproved  by  Langley's 
experiments,  the  author  pointe  out  that  heat  transferred  fi-om  the  earth 
to  the  air  by  conduction  and  convection  is  not  radiated  into  space  with 
the  same  facility  as  it  would  be  if  radiated  directly  from  the  eartli's  sor- 
foce.  The  increase  of  energy  thus  accumulated  in  the  atmosphere  is 
checked  by  the  development  of  atruospberio  movements.    Warm  air  is 
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tiaosfened  to  ooM  regiona  where  it  is  cooled  by  ooDdoctJon  of  its  beat 
to  the  cold  snrface. 

Iq  commeQts  on  this  paper  Professor  Ferrel  accepts  the  fact  of  the 
heating  of  the  air  by  conductioQ  and  by  convection  as  outlined  by  Mr. 
Searle,  bat  thinks  that  this  circumstance  can  not  have  much  effect  in 
modiQing  terrestrial  temperatore.  "The  whole  amount  of  beat  con- 
re;ed  away  from  the  earth's  surface  in  the  form  of  latent  heat,  is  per- 
h^M  one-tenth  of  that  received  from  the  sun  and  absorbed,  and  so 
radiated  again  into  space.  If  this  one-teiitb  part  only  haa  a  little  less 
facility  for  escaping  into  space  than  it  would  have  if  radiated  directly 
from  the  earth's  surface,  the  protective  effect  can  not  be  very  much." 
Id  fact  the  primary  assumption  that  the  earth's  mean  temperatore 
woald  be  much  lower  than  it  is,  if  it  were  not  protected  in  some  way  by 
theatmospbere,isbynomean8certain.  {Am.  Meteor.  JoKrnal,vi,p.  173.) 
Dterease  of  temperature  with  height. — Dr.  IIann,iu  a  discussion  of  the 
reenlts  of  observations  on  the  Soiinblick,  derives  some  important  form- 
oliB  expressing  the  decrease  of  temperature  with  height.  For  yearly 
means  be  finds  that  the|tomperature  at  any  elevation  is  represented  by 
theformula  r=8o.0-0o.482ft'— 0o.0018A'%in  whlchA'iatheheigbtof  the 
station  above  Salzburg  (450  meters)  expressed  in  hectometers.  This 
eqnation  shows  that  the  true  mean  temperature  of  the  air  column  be- 
tween the  summit  and  base  is  0°.S  higher  than  the  arithmetical  mean  of 
the  temperatore  at  tbe  sammit  and  base — a  result  of  great  importance 
in  practical  hypsometry.  For  tbe  different  seasons  the  formulio  for 
decrease  of  tomperature  are  as  follows :  * 

Winter  ;  T=  -2".l  -0.136ft'  -O.OllU'* 
Spiing    :  T=      7.1  — 0.ri37A' — O.OOUft" 
Summer:  T=   18.0 —0.637ft' 
Antntnn:  r=     D.7 —0.433ft' -O.OOaiA" 

{Meteorologigche  ZeiUchrift,  1889,  vi,  p.  33.) 
Hr.  S.  A.  Hill  bas  conducted  an  extended  series  of  observations  of 
temiwratnre  and  humidity  at  different  heights  above  ground  at  Allaha- 
bad, and  tbe  results  are  published  in  Vol.  rv,  Part  vi,  Indian  Meteoro- 
logical Memoirs  (see  Bibliography).  From  observations  at  heights  of 
i,  46, 104,  and  1G6  feet,  the  daily  range  of  temperature  was  found  to 
diminish  with  altitude  at  a  rate  represented  by  the  formula 

log.  r  =1.324  —0.118ft  +0.023ft» 
in  which  ft  is  given  in  hundreds  of  feet.  The  formula  can  be  extended 
Karcely  100  feet  beyond  the  observed  values.  Normal  hourly  temper- 
atures lor  eacfa  month  of  the  year  are  given  for  each  of  the  four  eleva 
tioDB,  and  fh>m  these  the  temperatures  for  altitudes  of  every  20  feet  up 
to  200  feet  are  given  for  6  A.  H.,  2  p.  H.,  and  10  p.  H.  for  each  month  and 
the  year.  Tbe  results  of  the  observations  are  also  grapliically  repre- 
wnted  by  contours  giving  for  every  5°  the  variations  of  temperature  in 
the  dinrnal  |)eriod  at  different  heights.  Tliirteen  such  sets  of  isothei- 
nial  contours  give  tbe  means  for  each  month  and  tbe  year.  Tbe  obser- 
vatioQBof  vapor  pressure  show  a  minimum  from  3  to  4  p.m.,  followed  by 
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a  rapid  increase^'ia  the  montbs  fh>m  November  to  February  a  u 
ia  reached  at  7  p.  u.,  while  from  March  to  May  the  masimnm  occore  at 
aboDt  7  A.  M. ;  bat  tbe  curve  ftom  8  p.  m.  to  7  A.  u.  is  high  and  has  bat 
little  rise.  From  Jnue  to  October  there  are  two  maxima,  one  at  8  A. 
H.,  the  other  at  S  p.  m. 

Periodioih/  of  temperature,  ~lu  the  treatment  of  the  mean  daily  tem- 
peratare  curves  at  polar  stations,  Prof  H.  Fritz  has  perceived  a  regalar 
seqoence  in  tbe  maxima  that  seems  to  bim  to  be  not  purely  accidental. 
By  placing  together  tbe  maxima  at  Jan-Hayen,  Godthaab,  Fort  Bae, 
Uglamie,  Yivi  on  the  Congo,  and  Znrich,  he  has  derived  a  X3.81-day 
period,  or  better,  the  half  of  a  27.687-day  i>eriod.  This  agrees  almost 
exactly  with  the  period  of  sunspots  and  auroras  (see  Fritz ;  Sat  Polar- 
Ikkt,  p.  206),  as  well  as  with  the  period  fouDd  by  Bnys  Ballot  from  the 
temperatures  at  Zwanenborg,  Harlem,  and  Danzig. 

For  ftirther  proof  of  the  reality  of  this  perioil,  the  observations  of 
Kane  in  Smith's  Sound,  of  the  second  German  North  Polar  expedition 
to  Sabine  Island,  and  of  other  arctic  observers  ar<<  reduced  to  the  same 
period  and  compared  with  the  maximum  of  aunspots.  These  data  also 
show  an  agreement. 

Temperature  anomaly. — Dr.  HellmaaD  calls  attention  to  the  loog-ooD- 
tiuned  temperature  anomaly  which  has  prevailed  over  Germany  and 
other  neighboring  countries  of  western  Europe  from  the  beginning  of 
188S  to  the  present  time  (April,  1889).  By  means  of  grajiliic  charts  of 
monthly  temperatnre  he  shows  that  the  temperature  in  western 
Germany  has  for  tbe  moat  part  lagged  behind  the  normal.  In  Looingen, 
of  the  flfty-one  months  from  January,  1886,  to  March,  1889,  7L  i>er 
cent,  have  been  too  cold.  Previons  cold  periods  have  occurred  in  the 
years  1835-'38  and  1784^'87.     (Meteorologisch^  Zeitsckri/t,  vi,  p.  276.) 

Secular  variation  of  temperature. — Mr.  William  Ellis  has  tabnlat4-d 
and  discnssed  the  temperature  observations  made  iu  England  fi^}m 
1S49  to  1888  with  the  foUowing  reenlte : 


Five-year  periods. 

Departnre  of  the  mean 
periods  from  Ibe  forty 
between  latitades— 

temperature  of  five-year 
year  average  at  stationa 

1 

51<>  naA  m--X>2"  and  53^. 

1 

r^  and  540. 

Al  Green- 
wiob. 

-0.29 

+  0.01 
+  0.f5 
+  0.60 
+    .27 
+  0.60 
I0.8B 
-0.74 

—  0.15 
+  0.11 
+  0.43 
+  1.03 
+  0.39 
+  0.K! 
3l.08 
-1.23 

-0.19 

+  0.40 
+  0.05 
+  0.55 
+  0.28 
+  0.29 
-0.68 
—  0.63 

+  0.08 
0  04 

1859-1863 

+  0  32 
+  0.6S 
+  0.22 
+  0.3f< 

49.02 

48.24 

47.50 

{Quar.  .7oant.'iCoy.''ife(,  80c.) 
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VL— ATMOSPHEEIC  MOISTURE;  COKDENSATION,  t'OGS,   HAZE,  AND 
CLOUDS;  RAIN,  SNOW,  HAIL,  AND  FLOOD. 

Amount  of  water  in  cloud. — Dr.  J.  Hauu  bas  put  together  the  obser 
rations  on  tbe  amoDiit  of  moisture  coutnined  iu  a  given  volume  of  cloud 
at  different  temperatares.  In  the  exporimeuts  made  by  A.  and  11. 
SchlHgJDweit  iD  1851,  the  amount  of  moisture  in  tha  water  particles  in  a 
cload  vas  in  every  case  le^s  than  tlie  uncondensed  vapor  iu  the  same 
Tolame.    [Meteoroiogische  Zeittchri/t,  Ti,  p.  304.) 

London  fog. — In  ao  address  on  the  relation  of  smoke  to  fogs  iu  Lou- 
don, Mr.  F.  A.  B.  Bnssell  shows  that  the  characteristic  London  fogs 
iK  prodaced  by  the  mechanical  combination  of  particles  of  water  with 
particles  of  coal  or  soot  Tbe  conditions  of  their  derelopment  are  a  still 
air,  lower  temperature  near  the  ground  than  at  a  height  of  some  hun- 
dreds of  feet,  high  rehttive  humidity,  a  cloudless  sky,  and  free  radiation 
iuto8i>ace. 

Tbe  darkness  and  peculiar  coloriog  occur  with  greatest  effect  when  a 
very  large  quantity  of  coal  is  being  burnt  in  domestic  fires,  hence  S  to 
IDA.  H.  of  tbe  winter  season  Js  tbe  time  of  thickest  and  darkest  fbgs. 
The  fogs  are  formed  by  tbe  tnistnre  of  soot  and  smoke  with  an 
already  existing  white  fog.  A  thick  layer  of  these  carbonaceous  par- 
ticles prevents  the  soushine  from  reaching  and  evaporating  tbe  particles 
of  natural  fog.  Thus  tbe  fog  is  blackened  and  its  dissipation  is  retarded. 
Tbe  antbor  estimates  that  the  loss  from  all  sources  due  to  this  wasteful 
method  of  burning  coal  is  for  London  alone  about  £-5,000,000  a  year. 
(A'ature,  sixix,  p.  34.) 

Bate, — Mr.  Bossell  bas  made  an  elaborate  analysis  of  the  causes  and 
character  of  haze,  of  which  tbe  following  is  a  partial  summary: 

Dntike  fog,  haze  commonly  occurs  when  tbe  lower  air  is  iu  a  state  of 
nnosaal  dryness.  Haze  does  not  prevail  on  the  CoDtinent  of  Europe  or 
in  the  interior  of  North  America  to  anything  like  the  same  extent  as  in  ^ 
England.  On  the  east  coast  of  Scotland,  and  over  all  north  Britain, 
it  is  exceedingly  common,  especially  iu  the  spring,  and  during  tbe  prev- 
alence of  east  wind.  The  conditions  favorable  for  tbe  productiou  of 
iiazeare:  (I)  A  gentle  wind  from  east-southeast  to  northeast,  inclusive, 
and  east  wind  in  general,  especially  with  dry  weather  in  spring  and 
flummer.  If  the  east  wind  be  established  up  to  a  great  height,  tbe 
tower  air  is  nsnally  clear,  but  if  tbe  upper  current  is  from  a  westerly 
direction,  haze  prevails.  (2)  Fine  settled  weather,  with  variable  cur- 
rentg,  a  dry  air,  and  little  dew.  (3)  Opposition  of  currents — such  as 
occoTB  when  several  shallow  barometric  depressions  exist  over  the  conn- 
try— and  the  atmospheric  state  preceding  thunder-storms.  (4)  Damp 
veatber,  witb  light  winds  and  varying  temperature. 

The  very  condition  to  which  baze  iu  Kngland  is  commonly,  and  in  a 
certain  sense  correctly,  attributed — namely,  atmospheric  humiditv-— is.. 
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if  Bufficiently  unifonn  and  extended,  least  favorable  to  its  manifestation. 
A  coDHtant  moistare-laden  westerly  breeze  would  give  a  climate  nearly 
as  clear  as  tbat  of  tbe  southwest  comer  of  France. 

Two  principal  factors  go  to  the  prodaction  of  ordinary  haze;  the  fliBt, 
a  rather  large  amoant  of  vapor  between  the  earth  and  a  great  altitude, 
say  60,000  feet ;  and  the  second,  a  mixture  of  two  heterogeneooB  masses 
of  air.  Evidence  of  the  correctness  of  this  proposition  is  to  be  found 
in  the  geographical  distributiou  of  haze  and  the  state  of  the  winds 
when  it  occurs. 

In  the  majority  of  cases  of  east  wind,  and  especially  when  this  wind 
is  of  brief  duration,  local  or  gentle,  a  westerly  wind  flows  above  it  at 
no  great  distance  from  tbe  sotface  of  the  earth.  CoDsideriog  the  per- 
petual rapid  iuterclianges  (hardly  to  be  called  diffusion)  going  on  in  the 
atmosphere,  the  lower  wind  must  be  largely  mixed  with  air  of  a  differ- 
ent condition  derived  from  the  westerly  current.  If  a  cold,  dry  eist 
wind  be  permeated  by  patches  and  filaments,  however  minute,  of  m<HBtei 
and  warmer  air,  they  must  be  cooled  by  contact  with  the  polnr  wind, 
and  a  slight  deposition  of  vapor  may  take  place.  Or  the  countless  in- 
visible dust  particles  may,  by  increased  radiation  towards  space  throogb 
a  drier  air,  either  cause  a  deposition  of  moisture  upon  themselves  or 
collect  still  smaller  iiarticles  together,  as  dnst  is  known  to  collect  on 
cold  surfaces  in  a  warm  air.  If  deposition  of  moisture  take  place,  the 
dryness  of  the  air  prevents  the  water  particles  from  growing  to  any- 
thing like  the  size  of  the  particles  of  a  fog;  a  relatively  small  diffbsed 
quantity  of  vaporous  air  in  minute  parcels  conid  not  produce  by  coo- 
densatiou  any  but  extremely  small  and  transitory  water  particles,  in 
the  aggregate  visible  through  long  dist'ances,  but  probably  individually 
beyond  the  power  of  the  miscroscope  to  discern.  They  may  be  com- 
pared to  the  blue  mist  escaping  from  the  safty-valve  of  a  boiler  under 
high  pressure,  the  invisible  steam  turns  for  a  moment  blue  and  then  to 
the  ordinary  white  of  visible  steam.  The  haze  may  possibly  be  equally 
momentary  in  duration,  disolving  long  before  reaching  the  while  stage, 
but  fresh  filamouts  are  perpetually  keeping  up  tbe  process  and  giving 
the  appearance  of  a  persistence  like  that  of  smoke  or  dost. 

The  evidence  concerning  the  appearance  of  haze  by  irregular  trans- 
mission of  light  due  to  unequally  heated  currenta  of  transparent  air 
seems  to  be  quite  insufficient,  and  faowever  great  the  beat  near  tbe  snr- 
face  of  the  ground,  say  in  the  desert,  with  consequent  distortion  of 
images,  it  does  not,  as  a  rule,  bring  about  the  hnze  so  common  in  tem- 
perate climates.     (Nature,  xli,  p.  60.) 

In  a  communication  in  Nature,  Mr.  J.  D.  Poyntiug  suggests  that  com* 
moB  summer  haze  may  be  due  to  local  convection  currents,  which  by 
reason  of  their  difference  of  temperature  and  density  render  the  air  op- 
tically heterogeneous.  The  light  received  IVoni  any  object  is  more  or 
less  irregularly  refracted,  and  on  account  of  the  motion  of  the  onrrents 
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its  path  is  cootJDaally  varying.  The  oatliiie  of  tbe  object  has  a  tremu- 
looB  motion,  and  bo  becomes  ill  defined.  At  tbe  same  time  reflection 
occnn  where  there  is  refraction  at  the  surfaces  of  separation  of  betero- 
^eoas  portions,  and  the  reflected  light  is  diffused  as  a  general  glare. 
Tbe  combination  of  the  qaiveringof  outbneaudtbe  loss  of  direct  light, 
aa  3  dlfiiised  glare,  may  possibly  give  the  appearance  called  haze  which 
is  seen  in  the  middle  of  a  hot,  cloadless,  aommer  day.  Tbe  anthor 
meotious  other  cases  of  haze  which  may  possibly  be  likewise  due  to  op- 
tic^ heterogeneity.     {Nature,  xxxix,  p.  323.) 

In  a  series  of  letters  to  Nature  by  a  number  of  prominent  scientists, 
ATalQablecODtribation  has  been  made  to  onr  knowledge  of  tbo  peculiar 
cbBractflristies  of  different  types  of  haze.  Professor  Tyndall  opened 
Ibe  subject  by  reporting  hie  observations  of  the  pievaleuce  in  the  val- 
leys of  tbe  Alps  of  a  fine  haze  appearing  us  long  horizontal  stria;. 
Amid  the  haze  were  often  patches  of  cloud  which  disappeared  under  tbe 
ton's  raya,  leaving  tbo  i>ermanent  liaze  behind.  Prom  this  fact  he  is 
certain  the  haze  is  not  aqueous,  and  suggests  that  it  may  be  due  to 
mbma  pollen  in  the  air. 

Hr.  Johnston -Lavis  corroborates  the  observation  that  haze  assumes 
tbe  form  of  horizontal  strata,  and  supports  the  theory  of  its  micro- 
orguiic  nature.  During  the  hottest  and  driest  weather  of  summer, 
bue  Biinilar  to  that  observed  by  Professor  Tyndall  in  the  Alps  can  be 
Been  in  the  Gulf  of  Naples  and  other  parts  of  the  Meiliterraneau  coasts 
a  an  average  altitude  of  1,500  feet  and  rarely  reaching  2,000  feet. 

H.  d'Abbadie  famishes  a  valuable  list  of  siiecial  names  by  which 
8DCb  haze  is  designated  in  many  warm  countries,  nrbere  it  is  most  fre- 
qaeotly  observed.  In  Ethiopia,  where  it  is  called  qobar,  this  haze  is  of 
extraordinary  density  and  hides  all  the  features  of  tlio  landscape  be- 
yond the  distance  of  a  mile,  and  conceals  stars  of  the  thinl  magnitude 
«TeD  in  the  zenith.  Observations  of  its  occurrence  are  quoted  from 
Pern,  Hayti,  Switzerland,  Spain,  and  otber  locniities;  ita  color  is  a  light 
IJDff,  and  when  tlense,  a  "  lurid  gray,  verging  to  blackness." 

W.  Clement  Ley  reports  that  the  horizontal  layers  of  haze  may  be 
freqneiitly  seen  throughout  the  British  Isles  at  times  when  the  atmos- 
pbere  at  the  earth's  snrface  is  nearly  calm  and  moderately  dry.  He 
hag  given  it  the  specific  name  of  dustbaze,  and  distinguishes  it  from 
tbe  ordinary  water  haze  by.  its  color;  dust-haze  appears  of  a  reddish 
buff  tint,  while  water  haze  usually  appears  gray  or  blue  in  refiected 
Itgbt,  and  yellow,  orange,  or  red  in  transmitted  light. 

Clauijuiation  of  clouds. — Prof.  H.  H.  Hildebransson  has  submitted  to 
tbe  Meteorological  Congress  at  Paris  (September,  1SS9)  a  report  on 
tbe  clasBification  of  clouds,  adopted  by  Mr.  Abercromby  and  himself, 
uid  orgee  its  general  adoption.  This  classification  distinguishes  ten 
forms,  as  follows : 

L  Cirrus.  2.  Cirro-stratus,  a  thin  cloud  veil  composed  of  thickly 
fompacted  cirrus  fibres,  jodicative  of  rain,    3.  Oirro-cumulus,  small 
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globular  cloudleta,  commonly  called  mackerel  sky.  4.  Camnto-cimiB 
or  alto-camulas,  a  farm  iuterm^iate  between  ciiro-cumulns  and  strato- 
camalos,  of  a  large  gtobnlar  form  like  white  wool  packs.  6.  Strato- 
cirruB  or  alto-atratas,  a  thick  gray  or  blaiah  layer  of  cload  at  ao  aver- 
age eldvation  of  17,000  feet.  6,  Strato  cumulus,  large  rounded  masses 
of  gray  clond,  sometimes  called  rollcnmnlus.  7.  Nimbus.  8.  Cnmn- 
Ins.  0.  Cumnlo-nimbua,  tbe  thander  cload.  10.  Stratna,  an  rievated 
sheet  of  mist  or  fog. 

In  order  that  the  exact  forms  of  cloud  to  which  the  names  apply  may 
be  learned  and  the  names  be  properly  used,  the  anthor  calls  attentaou 
to  tbe  photographs  in  his  Claaiijication  dea  nuages,  and  also  reoom 
mends  the  new  cloud-atlas,  pnblished  by  Gustav  9eitz  Nachfolger,  of 
Hamburg. 

BesttlU  of  rain,  river,  and  evaporation  observationa  made  in  New  Soutk 
Wales  during  1888,  by  n.  C.  Busaell. — This  volume  contains  a  most  t^- 
uable  collection  of  meteorological  and  hydrographic  data,  tabulated, 
charted,  and  discussed.  The  rainfall  from  eight  hundred  and  seventy 
stations  Is  given  for  each  mouth  and  the  year,  together  with  the  great- 
est daily  rain-fall  in  each  month,  the  mean  annual,  and  tbe  number  of 
years  of  observation.  The  mean  annnal  precipitation  ranges  in  differ- 
ent districts  from  10  to  68  inches.  The  year  1888  is  the  driest  Qpoii 
record,  and  in  striking  contrast  with  1887,  the  wettest  on  record.  The 
rain-fall  for  the  year  is  charted  on  a  largo  scale  map  by  red  circles  at 
each  station  of  observation.  The  monthly  distribution  of  raiuisshown 
for  each  square  degree  by  twelve  blocks  proportional  in  length  to 
the  monthly  amount.  A  third  diagram  shows  the  stage  of  the  rivers 
above  mean  summer  level.  Tables  of  average  daily  evaporatioo  for 
each  month  are  given  for  nine  stations.  These  show  a  range  of  36 
to  65  inches  in  the  total  evaporation  for  the  year.  Comparative  obser- 
vations on  tbe  amount  of  evaporation  from  water,  grass,  and  earth  sar- 
face  show  that  when  tbe  soil  is  saturated  the  evaporation  prooeeds  at 
a  rate  greater  than  from  a  water  surface.  The  value  of  these  obser\'a- 
tions  would  have  been  increased  if  surface  temjieratures  had  been 
taken. 

For  the  Murray  River  the  annnal  discharge  ranges  from  20  to  40  per 
cent,  of  the  rain-fall  over  its  catchment  area,  while  for  the  Darling  the 
discharge  is  in  general  less  than  3  per  cent,  of  its  rain-foil. 

Rainfall  of  India. — Parts  iii  and  iv,  vol.  m,  Indian  Meteorological 
Memoirs,  published  in  188f<,  bring  to  a  close  Stanford's  great  monograph 
on  the  rain-fall  of  India.  Part  ii  treats  of  the  variability  of  the  rain- 
fall, and  is  summarized  in  Part  III.  As  a  rule  stations  having  the 
smallest  average  rainfall  are  those  at  which  the  variability  of  rainfall 
is  greatest;  this  is  specially  true  of  stations  situated  in  dry  plains  or 
table  lands  which  yield  but  little  local  evaporation,  and  where  the  winds 
from  opposite  quarters  are  strongly  contrasted  in  point  Ott  dryneaa  and 
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lu  a  brief  dlscasaion  of  the  lelationa  of  forests  to  raiD-fall,  three  cases 
are  addaced  all  of  wbicli  confirm  the  view  that  the  forests  hare  increased 
tbe  raJQ-fall,  bat  the  evidence  is  stated  to  be  in  no  case  absolutely  cod- 
closive. 

The  remaining  portion  of  the  memoir  is  oocnpied  with  the  considera- 
tion of  the  qnestions  as  to  whether  any  lawa  of  coincidence  or  sequence 
can  be  deriye<l ;  whether  certain  regii^ne  are,  as  a  rule,  subject  simoltaue- 
ooBly  to  similar  or  alternative  conditions,  whether  any  physical  connec- 
tion can  be  traced  between  abnormal  meteorological  cooditions  in  a 
given  region  and  the  excess  or  deficiency  of  raiu-fall  there  or  elsewhere, 
aiid  whether  there  are  valid  reasons  for  believing  that  the  rain-fall  of 
India  is  subject  to  any  periodic  law. 

Diumal  period  of  rain-fall  at  Caloutta. — Mr.  H.  F.  Blanford  has  found 
the  foUowiDg  times  of  maximnm  and  miuimuni  in  the  daily  period  of 
rain  at  Calcutta.  In  the  cold  season  (November  to  February)  the  prin- 
dpal  minimum  occurs  at  noonday,  the  maximum  from  6  to  0  p.  m.;  in  the 
hot  season  (March  to  May)  there  Is  only  one  well  defined  maximum  and 
minimnm,  Uie  former  fidling  from  C  to  8  p.  m.,  the  latter  between  sunrise 
and  11  A.  H.  In  the  rainy  season  the  principal  maximum  occurs  from 
2to4p.  H.,  and  the  priucipal  minimum  a  little  before  11  A.  H.  The 
d«ty  period  in  the  amount  of  rain  agrees,  io  general,  with  the  period 
of  min  frequency.    (Indian  Meteor.  Memoirs,  iv,  pp.  39-46.) 

Diumalperiod  of  rainfall. — Dr.  Hellmann  has  reported  to  theQermait 
Meteorological  Society  some  of  the  results  of  liis  iovestigatioua  upon 
the  daily  period  of  precipitation.  He  shows  that  the  different  cnrves 
may  be  reduced  to  types  which  are  characteristic  of  certain  localities 
and  seasons.  The  aftemooD  maximum  prominent  in  many  places  may 
be  shown  to  rise  naturally  from  the  daily  period  of  thunder-storms, 
whilst  the  equally  widely  extended  nocturnal  maximum,  which  is  es- 
pecially prominent  in  winter,  and  in  all  seasons  on  the  west  coast  of 
Europe,  appears  to  be  connected  with  certain  peculiarities  in  the  daily 
period  of  air  pressure,  temperature,  and  wind  velocity.  (Meteorolo- 
giteke  ZeiUcknft,  1889,  VI,  p.  271.) 

Diurnal  periodicity  of  rain-fall  at  Hong  Kong. — In  the  rainy  season, 
btim  June  to  August,  the  diurnal  variation  is  most  strongly  marked. 
The  rain  curves  then  run  from  a  forenoon  mtiximum  at  9  A.  M.  to  an 
evening  minimnm  at  11  p.  M.  From  March  to  May,  the  principal  maxi- 
mum falls  at  noon  and  the  priucipal  minimum  at  7  P.  M.  In  autumn 
and  winter  the  dinrnal  curve  is  quite  irregular.    (Ibid.,  p.  350.) 

Daily  period  of  rainfall  at  Vienna. — The  general  results  of  the  self- 
recordmg  rain  fall  observations  for  seven  years  at  Vienna  have  been 
worked  ont  by  Hann.  When  given  in  groups  of  two  months  each  no 
regular  dinrnal  period  is  manifest,  but  in  the  total  of  seven  mouths 
from  April  to  October  a  periodicity  is  clearly  expressed.  The  princi- 
pal maximum  of  both  frequency  and  quantity  of  rain  occurs  at  the  hour 
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between  8  aod  9  P.  H.  Honrs  of  mitiimum  amoQDts  of  rain-&ll  are  4 
to  6  A.  H.  aoil  11  A.  M.  to  Doon.  For  the  results  of  the  spriug,  summer, 
aod  aatamn  months,  which  by  themselves  are  somewhat  irregnlar,  a 
periodic  fonnala  of  two  terms  is  cotupnted,  and  from  examiuadon  of 
the  computed  results  the  essential  periodicity  of  the  varions  gronps  is 
discoverable.  For  all  three  seasons  the  minimum  of  rain-fall  is  between 
9  A.  H.  and  uoon,  the  maximum  in  spring  falls  from  10  to  11  F.  h.,  tbat 
iu  summer  from  7  to  S  P.  H.,  and  in  antamn  from  2  to  3  A.  K.,  with  a 
secondary  maximum  from  8  to  9  p.  H.  The  late  hour  of  the  maximum 
is  in  contrast  with  the  general  assumption  that  it  oocors  in  the  earl; 
afternoon. 

Secular  variation  of  rainfall. — Professor  Frank  Waldo  gives  tiiree 
tables  containing  the  mean  residuals  of  five-year  periods  from  the  meao 
raiu-fall.  The  first  is  taken  from  Dr.  Wild's  "  Itegen  Verhfiltaisse  des 
Itus.  Belches;"  the  second  is  from  Dr.  Lang's  article,  "Dersacniare 
Yerlanf  der  Wetteraug  als  Ursache  der  Olet^herschwankuogen  in  deu 
Alpen,"  and  the  third  is  compiled  from  American  observations.  The 
writer  finds  evidence  in  these  tables  of  a  long-period  inequality  bavine 
the  following  periods : 


Miu.-to  mns 

— ■ 

Tolal 
period. 

Tean. 

w.* 

12.9 

19.6 
13.4 
IS.  3 

38 
34 
25 

The  maximum  at  one  station  is  often  found  to  occur  at  the  time  of  a 
minimam  at  another.*     {Am.  Meteor.  Journal,  v,  p.  412.) 

Cautea  of  rain. — Professor  von  Bezold,  in  a  paper  before  the  Berlin 
Meteorological  Society,  discussed  the  maimer  of  formation  of  precipita- 
tioD.  The  mixiug  of  warm  moist  air  with  cold  air  by  which  the  temiiera- 
ture  foils  to  the  mean  of  the  two  can  bntseldom  produce  an  appreciable 
precipitation.  Precipitation  occurs  only  when  a  mass  of  moist  air  Ik 
directly  cooled,  as  iu  nature,  chiefly  by  radiation  and  ascension.  Cloudu 
are  most  dense  in  the  center  of  a  cyclone  where  the  pressure  ia  a  mini- 
mum, and  are  progressively  less  dense  toward  the  periphery. 

Mr.  H.  F.  Blaiiford,  in  a  letter  to  iiature,  discusses  the  humid  climati' 
that  fosters  the  rank  exuberance  of  the  Aruwhimi  forests  traversed  by 
Stanley's  expedition.  Qe  believes  the  excessive  raiu-fall  is  due  to  tlie 
equatorial  position  of  the  Aruwliimi  basin  where  ascouding  convection 
currents  prevail  ou  a  gigantic  scale.     By  dynamic  cooliug  these  currents 

'Thia  iB  diSbt«iit  from  the  resalt  derived  by  Dr.  E.  Brilckner.    (AnU,  pp.  817, 21?.) 
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part  with  uearly  the  whole  of  their  vapor  in  the  act  of  ascending  anil 
so  do  not  carry  away  to  other  regions  the  water  evaporated  from  tlio 
«irfw:e;  the  same  water  in  evaporated  and  precipitated  again  and 
again,  and  the  only  loss  of  water  to  bo  supplied  by  oatside  winds  i» 
that  carried  oGf  by  river  drainage,  probably  less  than  half  of  the  rain- fall. 
"As  the  resnlt  of  a  long  stady  of  the  rain-fall  of  India,  I  have  become 
cvDTinced  that  dynamic  cooling,  if  not  the  sole  cause  of  rain,  is  at  all 
f  rents  the  only  cause  of  any  importance,  and  that  all  the  other  caasea 
Ki frequently  appealed  to,  such  as  the  intermingling  of  warm  and  cold 
air,  contact  with  cold  mountain  slopes,  etc.,  are  either  inoperative  or 
relatively  insigni&cant."    [Nature,  xxsix,  p.  583.) 

Atxuraogin  meaaitring  rain-fail. — From  a  long  series  of  rain-fall  obser- 
vations Dr.  A.  Biggcnbach  draws  the  following  important,  oouclosious 
as  to  the  accuracy  attainable  : 

(1)  The  irregnlarity  iu  the  areal  distribntion  of  rain-fall  is  so  great 
tbat  the  amounts  collected  in  neighboring  gauges,  similarly  exiiosed, 
diOer  on  the  average  by  0.3'"°'  and  in  extreme  cases  by  6'"'°.  Add  to  this 
Ojjma  fof  ioatrnmental  errors,  and  it  will  be  seen  that  an  accuracy  of 
O.S""  is  Bufficieut  in  the  individual  daily  readings. 

(3)  In  counting  the  days  of  precipitation  tho  minimum  amount  of 
precipitation  considered  shonid  not  bo  under  0.5""°. 

(3)  In  monthly  totals,  fractions  of  a  millimeter  have  no  meaning. 

(4)  Yearly  totals  which  agree  to  O.S""  are  to  be  treated  as  identical. 
[ileteor.  ZeiUehri/t,  1889,  Vl,  p.  156.) 

BaUrUmes,  structure  of. — Mr.  E.  E.  KobinsoQ  gives  the  accompanying 
diagram  of  the  cross-section  of  a  hailstone  measnring  2.9  centimeters  in 
diameter.    The  center  was  circular  and  consisted  of  opaque  ice,  about 
tbe  size  of  an  ordinary  hailstone;  this  was  surrounded  by  a  circle  of 
almost  i>erfectly  clear  ice,  this  again  by  a  circle  of  opaque  ice,  and  this 
once  more  was  surrounded  by  almost  clear  ice,  but  with  flue  circular 
lines  in  it,  and  bounded  by  a  frilled  outline  of  opaque  ice,  which  imi- 
tated in  shape  the  spheroidal  state  of  a  drop  of 
water.    Outside  this  again  was  a  thick  layer  of 
clear  ice  of  crystalline  form.    Thedtagramisdrawn 
natoral  size,  the  dark  spots  representing  white 
opaque  ice.    Other  large  stones  showed  the  same 
coDstmctioD.    Mr.  C.  D.  Holt,  in  examining  hail- 
atones,  has  detected  a  metallic  taste  and  also  a 
fiavor  of  ozone.    All  the  stones  showed  an  air- 
babble  at  the  center.     {Nature,  XL,  p.  151.) 

FlooeU  in  the  middle  Atlantic  States  from  May  31  to  JuneS,  1889.— The 
following  description  of  unprecedented  rains  and  floods  is  collated  from 
articles  by  Prof.  T.  Russell,  of  the  Signal  Service,  and  Prof.  I^rin 
Blodgett,  of  Philadelphia,  in  the  Monthly  Weather  Review  for  May  and 
June: 

H.  Mis.  224 16  .-^  , 

n,g,t,7i.-JM,.CjOO<^IC 
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A  general  storm,  ceutral  in  tlie  Obio  vatley  on  the  30tk,  passed  slowly 
eastward  over  the  AllegfaaiiieB  io  Virginia,  where  it  Temained  nntJI  the 
evening  of  the  Slst.  Its  slow  movemeut  was  attended  by  conditions 
favorable  to  continued  heavy  rains, — east  and  soatheast  winds  along  the 
coast,  high  temperatnre,  and  dense  satarstion.  As  this  saturated  con- 
dition reached  the  higher  ridges  of  the  Alleghanies  it  developed  the 
most  excessive  rainfall  of  the  ceutnry  for  so  large  an  area,  depositing  a 
oniform  sheet  of  from  6  to  8  inches  of  rain-fall  during  a  continaoas 
storm  of  from  twenty-fonr  to  fifty-six  hours'  duration.  This  rain-fall 
was  in  sheets  or  masses  rather  than  in  drops,  being  described  as  "  cloud- 
bursts" by  observers  in  localities  from  Pennsylvania  to  Tirgiuia.  The 
intensity  of  the  barometriti  depression  was  not  large,  but  on  the  other 
hand  rather  small.  At  Pittsburgh  the  fall  of  the  barometer  was  about 
one-fourth  of  an  inch  only,  and  the  lowest  isobars  were  29.7  on  the  SOth 
and  29.8  on  thu  Slst. 

A  table  is  given  containing  all  the  rain-fall  observations  made  in  the 
middle  Atlantic  States  duriug  the  perimi  of  heavy  rains,  and  approxi- 
mate tsohyetal  lines  are  presented  on  charts.  The  times  of  beginning  of 
rain  are  not  very  accordant,  but  the  observations  indicate  that  the  prog- 
ress of  raiu  was  from  the  coast  inland,  and  from  the  south  toward  the 
north.  The  greatest  rain-fall  was  in  the  northeast  quadrant  of  the  liar- 
ometric  depression,  where  there  was  a  steep  temperature  gradient,  the 
temperatnre  Increasing  from  40°  in  the  lake  region  to  70°  on  the  Atlan- 
tic coast 

Tbefloodsresnltingfrom  these  raiuseztended  from  southern  New  York 
over  Pennsylvania,  Maryland,  and  the  Virginias,  were  unprecedented  in 
height,  and  the  most  destructive  ever  occurring  in  the  United  States. 
A  detailed  statement  of  the  enormous  loss  of  life  and  property  in  the 
flooded  region  would  require  more  space  than  is  here  available.  Cities 
were  inundated,  bridges  swept  away,  canals  washed  out,  harbor  im- 
provements damaged,  and  millions  of  dollars  worth  of  property  de- 
stroyed. As  a  culmination  of  these  disasters,  the  dam  on  the  South 
Fork  above  Johnstown,  Pennsylvania,  gave  way,  and  the  immense  body 
of  water  in  the  reservoir  swept  down  ui>on  that  city  and  a^oining  vil- 
lages, causing  the  loss  of  nine  thousand  lives  and  thirty  million  dollars* 
worth  of  property. 


The  Helm.  wind. — Mr.  W.  Marriott  has  presented  to  the  Koyal  Meteor- 
ological Society  a  report  on  the  Helm-wind — a  wind  peculiar  to  the 
Cross  Fell  Range  of  mountains  iu  Cumberland.  This  range  is  high, 
and  runs  from  north -north  west  to  south-southeast  without  beiug  cut 
through  by  any  valley.  From  the  top  of  the  mountains  to  the  plain 
on  the  west  there  is  au  abrupt  fall  of  from  1,000  to  1,500  feet  in  a  mile 
and  a  half.    At  times,  when  the  wind  is  from  some  easterly  point,  the 
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Helm  forms  over  tbe  district,  the  chief  featares  of  the  phenomeuou 
being  tbe  foUoTitig :  A  heavy  bank  of  cload  rests  along  the  Cross  Fetl 
laoge,  at  times  reaching  some  distance  down  the  western  slopes,  while 
at  adistance  of  2  or  3  milea  from  tbe  foot  of  the  Fell  a  slender  roll  of  dark 
eload  appears  in  mid-air  and  parallel  with  the  Helm  cloud  ;  this  is  the 
Hulo  bar.  The  space  between  the  Helm  cloud  and  the  bar  is  osnall; 
quite  clear,  while  to  the  westward  tbe  sk;  is  at  times  completely  covered 
wiUi  dead.  A  cold  wind  rnslies  down  the  side  of  the  Fell  and  blows 
rioleatly  till  it  reaches  a  spot  nearly  underneath  the  Helm  bar,  when 
it  suddenly  ceases.  The  Helm  wind  was  observed  sixty -three  times  in 
1886,  and  nineteen  times  in  1887.     [Nature,  XIXIX,  p.  431.) 

WiHdveUmty  intk«  United  States, — Mr.  F.  Waldo,  iu  au  extended 
paper  OQ  the  distribution  of  wind  velocity  in  the  [Jnited  States,  divides 
the  signal  service  stations  into  typical  groups,  and  plots  the  annual 
mareh  of  wind  velocities  for  each  group.  The  relation  of  wind  velocity 
to  areas  of  low  pressure  and  the  variation  with  altitude  are  discussed, 
and  charts  are  given  showing  the  January,  July,  and  annual  distribu- 
tJoo.    [Am.  Mateor.  Journal,  Tl,  pp.  219,  300,  368.) 

Sea-Weeee. — Prof.  W.  M.  Davis  has  made  a  report  to  the  New  England 
Ueteorologioal  Society,  giving  tbe  results  of  special  observations  of 
the  sea-breeze  at  one  hundred  stations,  chiefly  in  Massachusetts. 

The  general  theory  that  the  sea-breeze  is  caused  by  the  difference  of 
tempevtare  between  tbe  land  and  water  requires  the  breeze  to  begin 
at  tbe  shore  and  to  extend  its  area  seaward,  while  observation  shows 
tut  the  bteeae  begins  out  at  sea  and  works  its  way  in-shore.  It  may 
be  explained  by  supposing  that  the  circulation  of  air  is  not  established, 
bat  in  process  of  establishment,  and  that  the  quick  morning  expansion 
of  the  hind  air  causes  a  reverse  gradient  at  the  shore  liue,  turning  the 
sorfitce  winds  toward  the  eea.  This  gradient  disappears  as  the  expau- 
aioD  of  tbe  air  causes  an  upper  outflow,  and  then  the  inland  progress  of 
tbe  sea-breeze  is  effected.  There  should  iu  this  case  be  a  difference  of 
barometric  pressure  at  laud  and  sea  stations,  and  such  observations  of 
pieeaore  and  temperature  have  been  made  by  Blanford  in  India. 

The  depth  of  sea-breeze  was  determined  by  balloon  observations  at 
Coney  Island  to  be  between  300  and  400  feet.  [Am.  Meteor,  Journal, 
n,p4.) 

OeeoM  currenU. — Prince  Albert  of  Monaco  has  presented  to  the  Paris 
Academy  of  Sciences  a  paper  on  the  surface  currents  of  the  North 
Atlaatic.  Of  1,676  floats  cast  into  the  sea  from  the  HirondeUe,  146  have 
^nady  been  recovered  at  various  points.  These  apparently  demon- 
strate a  circular  movement  of  the  surfoce  waters  round  a  point  situated 
umewhere  to  tbe  southwest  of  the  Azores.  The  outer  edge  of  this 
cQirent  seta  east-northeast  to  the  neighborhood  of  the  English  Channel, 
where  it  is  deflected  southward  along  the  coasts  of  Europe  to  the  Cana- 
ries, thence  trending  southeast  to  the  equatorial  current,  thus  com- 
pletiug  the  circuit  by  merging  iu  the  Gulf  Stream.  [Natwrt,-  XU,  S- 
167.)  i-.OOt^e 
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Oeiieral  oirculation  of  the  atmosphere, — M.  Muller  coiitribotes  an  arti- 
cle to  Aim  dem  Archiv  der  Deutsckea  Seewarte  on  the  circal»tiOQ  of  the 
atmoapbere  between  the  equator  and  tbe  poles.  The  resnits  arrtved  at 
differ  from  those  of  Profeeeor  Ferrel,  especially  with  regard  to  the  force 
of  westerly  winds  iu  latitude SS"  in  the  lower  and  npper  strata. 

M.  Weyher  has  institated  a  most  interesting  series  of  experiments 
designed  to  illustrate  the  cyclonic  phenomena  of  tbe  atmosphere,  e6i)e- 
ciaDy  tornadoes,  wat«r-sponts,  and  dust  whirls,  and  has  fonnd  that  his 
resolts  agree  in  every  point  with  those  deduced  from  the  mathematics 
theory  of  their  movement.  In  one  of  his  first  experiments  M.  Weyher 
abows  the  analogy  between  water  eddies  and  air  whirls.  In  the  water 
eddy  the  source  of  action  must  be  at  some  distance  below  the  surface, 
while  in  tbe  air  whirls  the  source  of  action  must  be  located  in  the  upper 
part  of  the  air  column,  and  the  motion  is  comniauicated  downwai^ 
The  most  interesting  of  his  experiments  are  those  in  which  he  artifi- 
cially produces  the  phenomenaof  the  water-spont.  By  meansof  a  rotating 
tonrniquet  placed  over  cold  water,  an  aerial  eddy  ia  caused  which  draws 
op  the  water,  in  the  form  of  aspout  composed  of  drops,  toaconsiderable 
height;  but  when  the  water  is  heated,  a  clearly  defined  condensed  vapor- 
spout  makes  its  appearance.  With  from  fifteen  hundred  to  two  thousand 
rotations  per  minute  the  vapor  from  the  heated  water  is  found  to  oon 
dense  itself  into  a  visible  sheet  enveloping  a  clearly  defined  and  rarefied- 
central  nnclens,  conical,  and  tapenng  downwards.  Besides  this  vapor- 
spont,  water  drops  are  carried  np  as  in  natural  waterspouts  until  they 
are  thrown  out  beyond  the  infinence  of  the  upward  cnrrent;  the  press- 
ore  and  temperature  conditions  in  different  parts  of  the  area  are  also 
investigated  by  means  of  a  mano  meter.  It  was  found  that  the  rarefac- 
tion at  the  center  of  the  tourniquet  is  transmitted  almost  unaltered  in 
intensity  to  the  center  of  the  whirl  on  the  surface,  while  the  thermome- 
ter at  the  same  time  at  first  shows  a  fall  and  then  a  rise  of  temperature 
the  latter  evidently  due  to  the  friction  of  the  rapidly  moviog  air  against 
the  surface. 

The  analogous  phenomeua  of  a  cyclone  are  very  fairly  imitat«d  by  an 
apparatus  consisting  of  a  large  tourniquet  placed  over  a  table  covered 
with  a  number  of  plus  mounted  with  movable  threads  of  wool;  the 
tourniquet  is  mounted  so  as  to  be  capable  of  translation  as  well  as  rota- 
tion, aud  changes  of  pressure  are  registered  by  a  manometer  which 
connects  with  a  hole  iu  the  surface  of  the  table  by  means  of  a  rubber 
tube.  On  rotating  the  tourniquet  and  giving  it  a  forward  motion,  the 
directions  and  positions  of  the  threads  show  both  the  horizontal  and 
vertical  components  of  tbe  winds  thus  prodnced,  including  the  region 
of  calm  in  the  center  as  well  as  the  outward  aud  dowuward  motion  at 
the  anti-cyclonic  border.  The  variations  of  pressure,  when  pointed 
oat,  show  a  curve  similar  to  that  iu  a  symmetrical  cyclone. 

Hail  is  explained  as  being  caused  by  vapor  drawn  up  into  the  center, 
of  a  cyclonic  system,  and  is  essentially  similar  to  the  explanation  given 
by  Ferrel  and  Miiller.    These  experiments  do  not  of  course  fulfill  all 
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Um conditioiis  which  prerail  ia  oatare,  biiicg,  iu  that  case,  tlie  rotation 
is  doDbtless  kept  ap  by  the  upvard  movemeDt  along  the  axis  and  the 
coneeqaeat  aspiratioD  or  the  sarroandingair  into  the  area  of  gyration, 
bat  in  general  the  analogy  seems  quite  complete.    (Nature,  xxxtiji, 

Mr.  Balph  Abercromby  has  made  special  observations  on  the  tipper 
vinil  carrents  over  the  equator  iu  the  Atlantic  Ocean.  In  December 
(1833)  the  northeast  and  southeast  trades  both  tarued  into  a  common, 
light-Borface,  easterly  current  along  the  line  of  the  doldrnms ;  low  clouds 
from  southeast  drove  over  the  northeast  trade  up  to  16°  north,  and  &om 
SOOmilessoathof  theeqaator,  a  very  high  current  from  northwest  pre- 
vuled  over  the  aoutbeaet  trade.  From  the  equator  southward  300  miles, 
DO  high  observations  were  xibtained.  In  May  a  somewhat  different 
sjBtem  prevailed.  The  aortheaat  trade  tarned  to  north  as  it  approached 
the  iloldrams,  instead  of  towards  the  east,  as  in  December.  In  the  calm 
belt,  it  met  a  light,  easterly  current  without  producing  much  rain; 
vhile  further  south  the  regular  southeast  trade  was  experienced  as  far 
soath  as  8'^  south,  when  the  northeast  monsoon  prevailed  along  the 
Brazilian  coast  nearly  down  to  Bio  Janeiro.  £o  southeast  wind  could 
be  discovered  at  any  level  over  the  northeast  trade. 

These  observations  are  held  to  confirm  iu  a  striking  manner  his  pre- 
TJons  discovery  "  that  the  highest  air  current  over  the  equatorial  dol- 
drums is  from  the  eastward,  lying  between  the  southwest  current  which 
flows  on  one  side  over  the  northeast  trade,  and  the  northwest  current 
vliich  flows  on  the  other  side  over  the  southeast  trade." 

With  respect  to  the  general  circalatiou  of  the  atmosphere  we  know 
that  the  surface  trades  either  die  out  at  the  doldrums  or  unite  into  one 
moderate  cast  current ;  that  the  low  and  middle  currepts  over  the  dol- 
dnims  are  very  variable,  but  that  the  winds  at  these  low  and  middle 
levels,  2,000  to  20,000  feet,  come  usually  from  the  southeast  over  the 
DOrtbeaat  trade,  and  from  the  northeast  over  the  southeast  trade,  and 
that  the  highest  currents — over  20,000  feet — move  from  east  over  the 
doldrums,  &om  southwest  over  the  northeast  trade,  and  from  northwest 
over  the  southeast  trade. 

What  we  do  not  know  ia  the  relation  of  the  southeast  low  and  middle 
carrent  over  the  northeast  trade  to  the  southeast  trade  on  the  other 
side  of  the  equator,  nor  do  we  yet  know  what  becomes  of  this  middle 
current  in  the  northern  hemisphere. 

The  simple  scheme  which  assumes  nothing  but  an  upward  current  over 
the  doldrums,  and  a  return  current  toward  each  pole  is  not  confirmed  by 
observations.  There  is  always  a  regular  vertical  succession  of  the  upper 
currents  as  we  ascend  according  to  the  hemisphere.  (Nature,  xL,  p.297.) 

Thermo-dynamici  of  the  atmosphere. — Dr.  W.  von  Bezold  has  continued 
bis  contribution  upon  the  thermodynamics  of  the  atmosphere  iu  the 
Sitsaogsberichte  of  the  Berlin  Academy.  The  whole  series  of  papers 
we  being  prepareii  by  Professor  Abbe  for  publication  in  thf3vl^|i^t.|i^' 
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Vni.— BABOMETBIC  PEE88UaE  AND  ITS  VAKIATIONS ;  HYPSOMETET. 

Die  Vertkeilung  des  Luftdruckea  Uber  Mittel-  und  8iid-Europa  dargt- 
steUt  auf  Qrundlage  der  St^dkrigen  MonaU-  und  Jahrei- Mittel,  1851-1880; 
nebttaUgemeinen  JJntersucJiungeniiber  die  Veranderliekkcit  der  Lnfldjiuk- 
Mittel  und  IHfferemeH,  sotcie  deren  mehrjakrige  Periods,  vok  J.  Hsdd, 
Wien,  1887.  This  Tolame  is  "  Baud  ll,  Heft  2,"  of  the  Qeograp\i»iin 
AhhandlungeK,  published  by  Prof.  Dr.  A.  Pencb.  It  is  dirided  into 
thefoIlowiDg  sections:  Introdnotion.  Chapter  i.  On  the  methods  for 
obtAining  comparable  mean  air  pressures  and  for  drawiug  correct  iso- 
bars. II.  Monthly  and  anunal  isobars  of  central  and  soothern  Banqie. 
ni,  Anunal  period  in  the  air  pressure  relations  of  Europe,  rv.  Con- 
nection between  the  air  pressnre  anomalies  of  Europe  aud  the  tem- 
perature anomalies  in  central  Europe,  v.  The  mean  and  absolute 
variability  of  the  monthly  and  annual  means  of  nir  pressure.  Ti.  The 
probable  error  of  the  thirty-year  meau  air  pressure.  Tli.  The  variabil- 
ity of  the  differences  of  the  mean  air  pressui-e  of  two  places,  tiii.  Re- 
duction to  the  normal  period  of  1851-1880.  IX.  Reduction  of  the  mean 
air  pressures  to  tbe  same  level,    x.  Many  year  period  of  the  air  pressure. 

The  three  plates  at  the  end  of  the  volume  contain  tbe  isobars  for  each 
month  and  the  year  reduced  to  sea-level,  and  for  January,  May.  Jnly, 
October,  and  the  year  reduced  to  SOO  meters  elevation.  The  aunnal 
period  of  air  pressure  in  various  portions  of  Europe  is  presented  by  dia- 
grams. Tbe  curves  are  quite  irregular,  showing  the  phases  from  conti- 
nental to  oceanic  climates.  The  relation  between  the  temperature  ami 
air  pressure  deviations  for  the  seasons  is  investigated  by  Professor 
Haim.  One  conclusion  reached  is  that  "  in  all  cases  of  very  warm 
winter  in  central  Europe  the  air  pressure  in  tbe  northwest  over  the 
Atlantic  Ocean  was  too  low;  if  central  Europe  alone  be  considered, 
very  cold  winters  occur  just  a»  frequently  by  high  as  by  low  pressnre." 
The  following  table  shows  approximately  the  dependence  on  the  lati- 
tudeof  the  average  variability  of  the  monthly  and  annnal  air  pressures : 


(F.  Waldo,  Am.  Meteor,  Journal,  v,  p.  511.) 
Effect  of  lunar  attraction  on  the  atmospltere. — Professor  Bomsteio,  of 
Berlin,  hsis  taken  up  the  question  of  the  effect  of  tbe  moon's  attraction 
on  tbe  atmosphere.  At  Singapore,  Melbourne,  St.  Helena,  and  fiatsvia 
observers  have  succeeded  In  establishing  a  daily  variation  in  the  baro- 
metric pressure  dependent  upon  the  moon,  and  having  two  maiima  and 
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tvo  minima,  with  an  amplitade  r&ryiug  from  0.070  to  0.2  millimeters. 
Bat  opposed  to  these  are  the  observations  of  Laplace  oii  the  vnriatious 
of  the  barometer  at  Paris,  as  also  of  Kreil  ia  Prague,  and  BessePs 
observations  on  atmosphere  rei^action.  All  these  lasb-aamed  observers 
foand  that  the  action  of  the  moon  on  the  earth's  atoiDsphero  in  either 
nil,  or  else  the  reverse  of  that  described.  Professor  Bonistein  then 
discnesed  the  qnestion  whether  any  ebb  or  flow  of  the  atmosphere  conld 
possibly  be  detected  by  the  means  at  onr  disposal,  and  showed  that  the 
mercorial  barometer  can  never  give  indicatiooa  of  sach  action,  since  it 
is  itself  affbcted  by  the  alterations  of  gravity  that  are  due  to  the  vary- 
ing position  of  the  moon.  He  explained  the  phenomena  observed  at 
tbefoar  stations  mentioned  above  as  duo  to  the  fact  that  tbey  are 
Bitnated  on  the  sea-ooast  at  places  on  the  earth's  surface  where  the  ebb 
and  flow  of  the  sea  is  very  considerable.  The  barometric  effect  is, 
then,  a  secondary  one,  dne  to  the  changing  position  of  the  sea-level. 
[Sature,  xxxix,  p.  000.) 

CkarU  of  barometric  pre»»ure. — The  Meteorological  Gonncil  have  pob- 
lislied  charts  showing  the  mean  barometric  pressure  over  the  Atlantic, 
Indian,  and  Pacific  Oceans.  These  are  issned  in  the  form  of  an  atlas, 
and  give  in  a  very  complete  manner  the  barometric  means  and  rain 
over  all  oceans.  Separate  charts  are  given  for  February,  May,  August, . 
aod  November,  which  are  selected  to  represent  the  characteristic  dis- 
tribaCioD  of  pressure  for  the  respective  seasons.  The  iinmber  of  observa- 
tions nsed  in  the  preparation  of  the  charts  ia,  for  the  Atlantic  Ocean, 
339,300;  Indian  Ocean,  163,000;  Pacific  Ocean,  88,300.  The  baro- 
netric  means  are  given  for  areas  of  6  degrees  of  latitude  by  6  degrees 
of  longitude  in  large  figures,  and  in  smaller  figures  are  given  the  mean 
for  areas  of  2  degrees  in  latitude  and  longitude,  the  several  means  being 
obtained  from  the  daily  averages ;  the  isobars  are  given  for  each  tenth 
of  an  inch.  The  general  charts  which  give  the  isobars  of  the  globe 
ibow  very  clearly  the  prevalence  of  high  pressure  areas  in  each  ocean 
ID  each  of  the  fonr  seasons ;  it  is  seen  that  these  areas  oscillate  in  posi- 
tion and  alter  somewhat  in  intensity  with  the  seasons,  but  there  are 
many  characteristics  in  common.  The  Northern  Indian  Ocean,  which 
isuiDch  more  surrounded  by  land,  is  however  an  exception,  the  high 
pressure  being  situated  over  the  northern  part  of  the  ocean  in  Novem- 
ber and  February  and  decreasing  southwards,  whilst  iu  May  and  August 
tiie  pressure  is  lowest  in  the  north  and  increases  southwards,  this  change 
being  closely  related  to  the  monsoon  winds.  These  charts  are  consid- 
erably in  advance  of  any  previous  work  of  a  similar  nature,  and  will 
materially  aid  in  explaining  the  general  circulation  of  the  wind  over 
the  globe.    {Nature,  xxxviii,  ji.  196.) 

IHunial  variation  of  tite  barometer. — Mr.  Henry  F.  Blanford  has  mode 
an  important  study  of  the  relations  of  the  diurnal  barometric  maxima 
to  certain  critical  conditions  of  temperature,  cloud  and  rain  fall.    The 
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(1861),  that  the  inorning  maximnin  of  preasare  is  dae  Ut-a  reaction  of 
the  npper  cload  layers  against  the  expanding  lower  air,  and  finds  that 
thereeults  of  oboervationa  at  Oalcntta,  Melbourne,  and  Batavift  are, 
on  the  whole,  favorable  to  tliis  bypotbesia,  since  the  morning  maxjmnm 
of  pressare  approximately  coincides  with  the  instant  when  the  temper- 
ature is  nsiug  most  rapidly.  At  tropical  stations  the  barometric  max- 
imum follows  the  time  of  most  rapid  heating  by  a  shorter  or  longer 
interval,  but  this  may  probably  be  attributed  to  the  action  of  con- 
vection which  mast  accelerate  the  time  of  most  rapid  heating  near  the 
ground  surface ;  while  thebarometriceffect,  if  real,  must  be  determined 
by  the  condition  of  the  atmosphere  up  to  a  great  height.  With  refer- 
ence to  Lamont's  criticism  of  Espy's  theory,  a  condition  is  pointed  out 
which  alters  the  data  of  the  problem,  viz,  the  resistance  that  most  be 
offered  to  the  passage  of  the  pressure  wave  throngh  the  extremely  oold 
and  highly  attenuated  strata  of  the  upper  atmosphere.  With  respect 
to  the  evening  maximum  of  pressure  it  is  pointed  oat  that  in  India, 
and  also  at  Melbourne,  there  is  a  strongly  marked  minimum  of  clondl- 
ness  between  sunset  and  midnight,  which  on  the  average  coiucidee  with 
the  evening  maximum  of  the  barometer.  In  the  author's  opinion  these 
aud  other  facts  seem  to  indicate  a  compression  and  dynamic  heating  of 
the  cloud-form i It g  strata,  and  that  therefore  the  diarnal  barometric 
oscillations  are  dynamic  phenomena.    {Nature,  xxxTiii,  p.  70.) 

Mr.  H.  H.  Clayton  has  a  paper  on  the  annual  and  diurnal  periods  of 
the  barometer.  Keferring  to  the  result  pointed  oat  by  General  Greely 
that  the  epochs  of  maxima  aud  minima  of  air  pressure  show  a  coinci- 
dence, the  author  traces  the  probable  cause  of  the  oocurrenoes  of  the 
maxima  to  the  expansiou  and  overflow  of  air  from  Asia  and  America 
to  the  pole;  and  of  the  minima  at  the  pole  to  the  fact  that  the  overflow 
frova  the  pole  towards  those  continents  is  not  replaced  by  an  influx  in 
that  direction  from  the  oceans.  The  retardations  of  the  annual  maximam 
from  the  Arctic  region  to  the  equator,  and  of  the  minimum  from  the 
sonthem  parts  of  the  continent  to  the  Arctic  region,  is  also  attributed 
to  the  relative  heating  and  cooling  of  the  continent  and  oceans.  (Am. 
Meteor.  Journal,  vi,  p.l50.) 

Mr.  A.  Augot,  in  a  paper  on  the  diarnal  variation  of  the  barometer 
[Anmtaire  Soe.  Meteor,  de  France),  finds  that  thediarnal  variation  results 
from  the  superposition  of  two  distinct  waves.  One  of  these  is  expres- 
sible as  a  harmonic  function,  the  constants  of  which  depend  on  the 
latitude  and  geographical  features ;  this  wave  is  due  to  the  diarnal 
variation  of  temperature  of  the  air  near  the  earth's  surfoce. 

The  second  wave  has  a  setni  diunial  perioil  and  its  amplitude  varies 
with  the  latitude  of  the  place  and  with  the  declination  of  the  snn. 

Dr.  J.  Hann  has  made  an  exhaustive  investigation  of  the  diurnal 
range  of  the  barometer  over  the  globe.  He  has  calcalated  the  harmonic 
oo-efflcients  for  each  month,  and  for  the  year,  for  a  largo  number  of 

n,g,t,7i.-JM,.COO<^IC 


PBOOKESS  OF  HETEOBOLOGf  IN  1889.  249 

ptaoes,  and  b&s  iDTestigated  the  variation  both  of  the  phases  and  of 
the  amplitudes  of  thesingle  and  doable  oscillations.  The  latter  abow  a 
remarkable  independence  of  geographical  and  eeasonal  infiuences  and 
appear  to  be  coaaected  with  a  cosmical  origin.  The  investigation  also 
sbows  that  the  amplitudes  of  the  semi-diurnal  oscillation  decrease  with 
height  in  exact  proportion  to  the  pressure,  and  have  a  marked  depend- 
(Doeupon  latitude.  The  yearly  range  exhibits  two  maxima  at  the  equi- 
noxes and  also  a  third  maximum  which  falls  in  Jauuary  in  both  hemi> 
gpbeice,  while  over  the  whole  globe  the  amplitnde  of  the  donble  daily 
oscillation  is  smallest  in  July,     (tfature,  XXXIX,  p.  617.) 

Hr.  F.  C.  Bayard  has  reduced  the  hourly  records  of  the  barometer  at 
the  nine  observatories,  in  Great  Britain  and  Ireland  for  the  years  1S76 
to  1380,  and  has  compared  the  resalting  carves  of  dfnroal  range. 

The  curves  of  inland  places  are  smoother  than  those  of  sea-coast 
stations,  and  the  curves  of  places  to  the  westward  are  more  irregular 
than  those  of  places  to  the  eastward.  In  going  toward  the  north  the 
dlnmal  range  diminishes.    {Nature,  xxstx,  p.  623.) 

Krakatoa  air  leaves. — Fart  ii  of  the  report  of  the  Erakatoa  com- 
mittee of  the  Boyal  Society,  has  been  prepared  by  General  B.  Strachey 
and  investigates  the  extraordinary  air  waves  and  sounds  caased  by  the 
Krakatoa  eraption.  Barometer  traces  from  forty-seven  stations  scat- 
tered over  the  whole  world  exhibit  the  passage  of  air  waves  travelling 
around  the  world  not  less  than  seven  times.  The  general  velocity  at 
which  the  wave  spread  outward  in  concentric  circles  from  Krakatoa  as 
a  center  was  700  miles  per  hour,  which  is  slightly  less  than  the  velocity 
of  sound  at  zero  Fabr,,  viz,  723  miles.  A  decided  variation  of  velocity 
was  discovered  in  those  portions  of  the  wave  which  moved  with  or 
against  the  earth's  rotation,  such  variation  being  due  to  the  prevalent 
drift  of  the  winds. 

In  the  extra  tropics  the  wave  moving  from  west  to  east  was  acceler- 
ated, and  that  moving  firom  east  to  west  retarded,  by  about  14  miles 
per  hour;  within  the  tropics  the  wave  which  passed  through  Mauritius 
was  affected  in  a  reverse  manner,  the  passage  eastward  being  retarded, 
while  the  westward  was  comparatively  nnaffected,  the  amount  corre- 
Rpondiog  to  an  east  wind  of  about  10  miles  per  hour.  These  amounts 
are  inmost  precisely  those  given  by  Ferrel  for  the  easterly  and  westerly 
components  of  the  prevailing  currents  at  their  respective  latitudes. 

The  area  over  which  the  sound  of  the  emption  was  heard  is  estimated 
at  one-thirteenth  of  the  entire  earth's  sar&ce.  (Nature,  xxxix,  p.  566.) 
A  curious  sudden  barometric  oscillation  passed  over  central  Europe 
on  the  evening  of  January  31, 1880.  Dr.  E.  Herrmann,  of  the  Deutsche 
Seewarte,  traces  it  from  Kertnm  (latitude  54^^54'),  where  it  occurred  at 
7*  50"  p.  M.,  Berlin  time,  to  Pola  (latitude  40°  42'),  which  it  reached 
at  4*"  38»  A.  M.,  on  February  1,  haviug  travelled  at  the  rapid  rate  of 
aboat  71  miles  an  hour.    The  cause  of  the  phenomenon  is  nnexpluioetl, 
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Sspsomttry. — Dr.  J.  M.  Pernter  gives  the  followioe  hypaometric 
formula : 

A  =  18399.8  (1  +  a  *'  ^'"i  ^ 

[n-0.378.j(J+|;)]x 

(1  +  0.00259  COB  2  ip)  X 

0  +  8"637llO3)^''s(fc.0  • 
ia  which  2  in  the  altituilu  above  Bca-level  of  the  louver  station,  sod  V, 
b"  are  barometer  heights  eorrected,  not  only  for  temperatore  and  in- 
stmuaentsl  error,  but  for  difTereuces  in  gravity  between  the  two  places. 
Aooompanying  the  formnia  there  is  given  a  Beries  of  tables  which  for 
the  most  part  have  been  newly  uompnted.  (Repertorium  der  Phpii, 
1888,  p.  161.) 


Burricane  theories. — Hon.  Ralph  Abercromhy  compares  the  old  and 
the  modem  views  of  harrilianes.  The  old  conception  was  of  acircnlar- 
shaped  eddy,  ronnd  which  the  wind  blew  in  circles.  Modern  researcli 
shows  that  a  hnrricauejs  an  oval  eddy,  and  that  the  wind  blows  in  an 
incntving  spiral  ronnd  the  vortex,  not  ronnd  the  center  of  the  oval, 
and  that  the  incurvatare  is  less  iu  front  than  in  rear  of  the  vortex.  A 
hnrrioane  is  always  changing  its  shape,  so  that  the  vortex  is  one  daj 
on  one  side  of  the  oval,  and  towards  another  aide  on  the  next. 

No  rnle  is  possible  for  determining  absolntely  the  bearing  of  the  vor- 
tex by  observations  on  board  a  single  ship,  whereas  it  ased  to  be  stated 
that  facing  the  wind  the  vortex  bore  eight  points  to  the  right  in  the 
nort.hem  and  to  the  left  in  the  sonthern  hemisphere. 

We  can  aay  now  only,  that  when  fairly  within  the  storm  field  and 
facing  the  wind,  the  vortex  will  lie  from  eight  to  twelve  poiats  to  the 
right  of  the  wind  in  the  northern  hemisphere  and  to  the  left  in  tlie 
sonthern  hemisphere.  Greater  precision  can  be  obtained  iu  certain 
circumBtances.  For  example,  if  a  ship  is  nearly  in  front  of  the  vortex, 
the  bearing  of  the  vortex  will  probably  not  be  much  more  than  eiglit 
points  to  the  right  or  lett,  and  in  the  rear  of  a  hurricane  the  vortei 
may  bear  twelve  points  to  the  right  or  left  of  the  wind,  because  the 
wind  is  there  very  much  incurved.  A  ship  should  then  always  lie  to 
till  the  barometer  begins  to  rise,  otherwise  she  will  be  liable  to  run  right 
into  the  vortex. 

Modem  research  has  proved  that  a  hurricane  is  nsnally  imbedded  in 
some  prevailing  trade  or  monsoon,  and  that  there  is  a  belt  of  intensi- 
fied trade-wind  oatside  the  true  storm  field.  This  belt  is  always  on  the 
side  of  the  hurricane  farthest  from  the  equator.  A  ship  in  this  bell 
experiences  an  increasing  trade  without  change  of  dtraUjoi..  and  with 
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a  falling  barometer,  tliougb  she  may  be  far  away  from  tbe  line  of  the 
vortex.  Now  she  would  experteoce  tbe  same  tbiogs  if  sbe  were  In  tbe 
Ijiie  of  progressioD ;  but  as  there  is  no  means  of  knowing  wbicb  l8  tbe 
case,  tbe  empirical  rule  is :  lie  to  till  tbe  mercury  has  fallen  0.6  inch 
before  beginning  to  rnn.    {British  Astoeiatuyn  Report,  ISSS,  p.  586.) 

Tketyry  of  cj/elones, — Prom  a  mathematical  study  of  cyclonic  motion 
H.  Henri  Lasne  finds  that  tbe  "eye"  of  tropical  cyclones  (the  small  area 
of  calm,  and  of  clear  sky,  in  which  tbe  air  is  relatively  warm  and  dry) 
is  acooanted  fur  and  explained  by  theory.  A  regular  cyclonic  motion 
of  {treat  intensity  like  that  in  tropical  hnrricanea  makes  possible  a  feeble 
descending  motion  at  the  center.  In  tbeirregnlar  cyclones  of  temperate 
latitades  having  large  horizontal  and  small  vertical  extent  no  such  phe- 
nomena can  be  developed ;  in  these  tbe  center  ia  not  tbe  locas  of  great- 
estenergy.    (AioMaire  8oe.  Miteor.  de  Frunee,  3T  aun6e,  p.  126.) 

TropitnU  cyclonet. — W.  Doberok  discnsses  the  relation  of  tbe  wind  at 
Hong  EoDg  to  the  typboons  occurring  in  1S86  and  1887.  Only  those 
within  300  miles  of  the  observatory  are  considered.  No  connection  is 
fonnd  between  the  distance  from  tbe  center  and  the  direotiou  of  the 
wind,  but  the  tatter  depends  on  the  bearing  of  the  venter.  The  wind 
has  a  tendency  to  blow  along  the  southern  coast  of  China  when  a  ty- 
phoon is  raging  in  the  China  Sea,  so  that  the  wind  in  such  cases  veers 
only  about  half  as  much  while  tbe  typhoon  moves  westward  aa  in  other 
<nse8,  and  for  the  same  reason  the  angle  between  the  wind  and  tbe  ra- 
dius vector  is  larger  than  usual  when  tbe  center  is  situated  to  the  south 
of  Hong  Kong.  A  cat  is  given  showing  tbe  direction  of  incurvature  on 
all  sides  of  the  storm  center  when  in  the  vicinity  of  Hong  Kong.  (No- 
tun,  xxxiz,  p.  301.) 

Mr.  H.  F.  Blanford  has  given  the  results  of  his  study  of  the  iucurva- 
tare  of  the  winds  in  tropical  cyclones  as  observed  in  tbe  Bay  of  Bengal. 
In  order  to  derive  practical  rules  for  navigators  he  has  measured  tbe 
angle  between  the  wind  direction  and  the  radius  vector  instead  of  be- 
tween the  wind  direction  and  the  i8obar,aB  is  done  by  Professor  Loomis, 
and  has  restrict^  the  measurements  to  wind  observations  of  ships  nt  sea 
vithin  the  intiuence  of  tbe  storm,  and  to  good  observations  on  the  coast 
His  results  confirm  tbe  general  fact  of  a  great  incurvature  obtained  by 
Professor  Loomis,  but  differ  somewhat  in  the  amount : 

(1)  The  mean  of  one  hundred  and  thirty-two  observations  between 
latitudes  15*^  and  221^,  within  600  miles  of  tbe  storm  center,  gives  tbe 
angle  122°  between  tbe  wiud  direction  and  its  radius  vector. 

(2)  The  mean  of  twelve  observations  between  the  same  latitudes, 
within  50  mites  of  the  storm  center,  gives  the  angle  123°. 

(3)  The  mean  of  sixty-eight  observations  Letween  N.  latitudes  S*^  nud 
lo**,  within  COO  miles  of  the  storm  center,  gives  the  angle  129'^. 

For  the  gnidance  of  navigators  Mr.  Blanford  formulates  the  following 
mles: 
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(1)  Iq  the  north  of  the  Bay  of  Bengal,  standing  with  the  back  to  the ' 
wind,  the  center  of  the  cyclone  bears  about  five  points  on  the  left  hand 
or  three  points  before  the  beam. 

(2)  In  tbe  south  of  the  Bay  it  bears  aboat  fonr  points  to  the  left  hand 
or  four  points  before  tbe  beam. 

[3]  These  rules  bold  good  for  all  positions  witbin  tbe  influence  of  the 
storm  np  to  600  miles  ftom  the  storm  center. 

Tbe  author  conclndea  by  pointing  out  thatthese  facts  are  fatal  to  the 
cyclone  theories  of  M.  Faye.    (Nature,  xxxvm,  p,  181.) 

Mr.  S.  B.  Elson,  an  experienced  East  Indian  pilot,  comntCDts  on  Mr. 
Blanford's  rules  for  avoidiug  cyclones,  and  shows  that  a  number  of  modi- 
fications must  be  introduced  in  applying  these  rules  in  special  localities 
and  under  special  circumstances.  One  of  these  is  the  stroug  cunentB 
setting  in  iu  advance  of  cyclones  Ibat  drift  tbe  vessel  far  out  of  its  course 
and  towards  tbe  "eye  of  the  storm.'*  In  and  off  tbe  Hooghly  Biver, 
whatever  be  the  direction  and  motion  of  the  cyclone,  the  first  wind  in- 
variably blows  from  tbe  northeast,  and  the  regular  rules  are  inapplica- 
ble without  taking  account  of  this  pecaliarity.  Mr.  filson  thinks  Hr. 
Blanford's  rules  for  findiDg  tbe  storm's  center  are  perplexing  and  liable 
to  miscoDstructioD.    (Nature,  xxxix,  p.  60.) 

In  vol.  IT,  part  t,  of  the  Indian  Meteorological  Memoirs,  Mr.  F.  Cham- 
bers, has  presented  a  study  of  the  cyclone  of  tbe  25th  of  May  to  the  2d 
of  June,  ISSl,  in  the  Arabian  Bea.  After  a  painstaking  preparation  of 
the  data,  it  is  classified  with  respect  to  the  gradient,  with  respect  to 
the  distance  from  the  center,  and  with  respect  to  the  octant  of  the 
cyclone.  And  many  relations  of  the  pressure,  the  force  and  directions 
and  incorvatnre  of  the  wind  in  different  parts  are  derived.  The  re- 
salts  show  no  regular  increase  of  tbe  angle  between  the  radius  and  tJie 
wind  in  approacbiug  the  center,  though  no  doubt  this  angle  is  greater 
near  the  center  tliau  farther  away  from  it,  but  the  observations  are  too 
few  to  give  averages  showing  a  regular  progression.  As  an  observa- 
tional fact  it  was  found  that  the  cyclone  moved  fronr  that  side  where 
the  wind  was  strongest  to  that  side  where  it  was  weakest,  and  Mr. 
ChambeiB  explains  this  by  showing  that  the  first  effectof  the  approach 
of  a  tropical  cyclone  is  to  neutralize  the  normal  wind,  and  so  to  cause  less 
than  tbe  normal  amount  of  air  motion.  As  one  practical  outcome  of 
the  study,  ruIeH  are  formulated  for  the  gnidance  of  the  navigator  when 
caught  iu  a  cyclone  in  tbe  Arabian  Bea,  and  some  interesting  relations 
are  suggested  between  the  direction  of  tbe  swell  and  the  direotaon  of 
the  wind  as  throwing  additional  light  on  the  i>osition  of  the  cyclone 
center. 

Patht  of  cyclones. — In  vol.  ix  of  .Am  Aent  Archiv  der  DeuUehen  8m- 
warte  Dr.  vau  Bebber  investigates  typical  weather  conditions  and 
traces  tbe  induen  ce  of  cyclonic  areas  upon  the  weather  with  a  view  to  the 
discovery  of  tbe  laws  governing  the  changes  in  direction  of  their  tracks 
and  of  tbeir  rates  of  progression.  It  is  shown  that  the  depressions  move 
along  certain  tracks  with  greater  than  average  velocity. 
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Tkuttdar-giorm9.—KAt\  Prohaskabas  collected  and  discussed  a  mass  of 
thauder-atorm  observations  from  about  tbree  bandred  stations  in  Steier- 
mark,  Earten,  and  Oberkrain  for  foar  years,  1!)85  to  1888.  About  nine 
IhoDsaDd  reports  were  received  aaunally,  makiog  an  average  of  tbirty 
reports  from  eacb  station. 

The  average  duration  of  a  tliaoder-stonn  was  1.4  bours,  beiag  1.2  in 
spring,  1.4  in  sommer,  and  l.tl  in  antamn.  Tbe  average  velocity  of 
paBsing  was  30  kilometers  per  boar ;  bence  the  extent  of  tbe  tbander- 
KtoriD  cload  was  at  tbe  bigbest  43  kilometers ;  but  if  it  be  remembered 
tbat  the  above  computed  duration  represents  the  mean  time  between 
Srst  and  last  tbunder,  tbe  average  extent  of  tbe  usual  tbauder-storm 
cload  does  not  exceed  about  37  kilometers.  Tbe  velocity  of  propaga- 
tion of  the  thunder-storms  is  materially  less  in  tbose  districts  of  the 
eonthem  Alpine  mountains  than  in  sontberu  QermaDy.  Thus  the  after- 
DOon  velocity  is  10  kilometers  per  hoar  greater  for  the  latter  than  for 
the  fbnuer,  Ihls  is  due  to  the  large  number  of  local  storms,  "  warmege- 
witter,"  with  tbeir  slow  rate  of  movement.  In  bot  enmmer  days  iu  tbe 
Alps,  in  spite  of  a  bigb  barometer,  frequent  local  thunder-storms  arise, 
vbicb  seem  to  be  almost  anprogressive.  On  certain  selected  days  in  July, 
1887,  for  the  hours  from  noon  to  6  p.  m.,  there  were  1,193  reports,  and  218 
fortfae  remaining  eighteen  boors.  Tbunder-stormsoccnrmostfrequeotly 
when  tbe  barometer  is  about  normal ;  those  from  the  north  and  sontb 
have  tbe  smallest  area  of  extension,  those  from  the  west  tbe  greatest. 

Id  addition  to  these  statistical  results,  Probaaka  undertakes  to  ex- 
plain the  occurrence  of  thunder-storms  and  rain  with  a  rising  air  press- 
ure. The  basis  of  bis  theory  rests  on  the  assumed  backward  inclination 
of  the  axes  of  cyclones.  This  assumption  leads  to  the  conclusion  that 
tlie  rise  of  the  barometer  immediately  following  the  passage  of  baro- 
metric minima  is  occasioned  by  dense  heavy  air  adjacent  to  the  earth's 
surface  pressing  into  tbe  region  of  low  pressure.  Sow,  as  heavy  air 
niasaes  come  into  a  region  of  lower  pressure  they  experience  a  continu- 
»lly  Bmaller  compression,  and  consequently  there  is  developed  an  up- 
ward gradient,  and  a  rise  of  the  air  strata  lying  thereon  must  ensue. 
Dynamic  cooling  is  thus  brought  into  play,  so  that  in  higher  air  strata 
aM  of  temperature  takes  place  whilst  the  barometer  is  stilt  falling. 
Thus  there  is  a  causal  connection  between  rising  air  pressure  and  the 
fonnation  of  precipitation  and  thunder-storms,  inasmuch  as  the  rising 
air  pressure  consists  in  tbe  formation  and  condensation  of  a  cloud 
aweH  advancing  in  front  like  a  true  wave  movement.  (MeteorologUoke 
Zeittckri/t,  1889,  VI,  p.  226.) 

The  report  of  the  director  of  the  Hong  Kong  Observatory  for  1888 
cootains  a  special  study  of  thunder-storms  in  the  colony  during  tbe  past 
ft™  years.  Dr.  Doberck  states  that  they  are  most  frequent  in  May,  and 
that  they  have  not  occurre<l  in  November,  December,  and  Jannarj'. 
lo  diurnal  period  they  are  most  frequent  about  1  a.  m.,  and  least  so  at 
about  8  A.  M.,  in  the  proportion  of  about  two  to  one.  {  \uuiIp 
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Profeasora  Hohn  and  HildebrandBSOD  bare  pnblished  a  alody  of 
thander- storms  in  the  ScaodiuaviaQ  peninsula.  (Upsala,  1888,  55  pp.) 
Tbis  monograph  supplies  for  the  Scaadinaviau  peninsula  Atatiatical 
infonuatioa  about  tbander-stornis  aimilar  to  that  bo  richly  collected  in 
lAe  states  of  central  Europe.  The  meteorological  conditions  iavorable 
to  tbnnder-storms  in  eastern  Norway  are  given  in  detail,  and  by  their 
aid  thander-storme  can  be  predicted  from  the  morning  veather  m^. 

Dr.  E.  Wagner  has  investigated  the  periodicity  of  thunderstorms  in 
Bavaria,  Wurtembnrg,  and  Baden,  and  finds  that  they  have  a  period 
of  twenty-nine  daya,  containing  three  maitmam  {wints,  the  chief  of 
tbese  being  in  the  last  half  quarter,  the  next  at  new  moon,  and  the 
least  at  fnll  moon,  ^o  physical  explanation  for  this  is  attempted. 
{Meteorologiache  ZetUchrifl,  188y,  Tl,  p.  209.) 

Doctor  Wagner  has  tabulated  the  ob8e^^'atioDS  of  thander-stonn 
frequency  in  Bavaria  and  Wnrtemburg  with  respect  to  the  phases  of 
the  moon,  and  considers  that  they  each  show  a  well-marked  maximum 
between  the  last  quarter  and  the  fonrth  octant    {Ibid,  p.  300.) 

Dr.  Karl  Lang  baa  reported  to  the  German  Meteorological  Society 
the  reaults  of  his  investigations  upon  the  velocity  of  propagation  of 
thunder-storms  in  south  Germany.  Ho  finds  a  close  counection  between 
the  velocity  of  propagation  and  the  proximity  of  storm  tracks.  Thns 
in  the  winter  months,  when  van  Bebber's  cyclone  track  No.  rr  has  its 
most  southerly  position,  the  velocity  of  thunder-storms  is  greatest,  and 
geographically  the  velocity  diminishes  &om  north  to  south.  Thunder- 
storms coming  from  the  west  and  west-son th  west  most  Irequently  arise 
in  tbo  southern  border  of  cyclones  and  travel  the  fastest,  while  those 
ftom  northwest  to  northeast  travel  the  slowest.    (iWti,  p.  271.) 

Dr.  Franz  Horn  finds  from  a  study  of  thunder  and  bail  storms  in 
Bavaria  during  the  years  1880  to  1888  that  no  hail  lias  ever  been  re- 
ported without  a  simultaneous  observation  of  electrical  discbarge. 
The  hours  of  greatest  thnuder-storin  frequency  are  in  the  afternoons; 
in  the  winter  between  2  p.  M.  and  3  p.  m.,  and  in  summer  au  hour  later. 
{Ibid.  p.  272.) 

Tornado  charts. — Lieut  J.  P.  Finley  tias  published  in  successive 
issues  of  the  American  Meteorological  Journal  State  tornado  charts 
showing  paths  of  tornadoes,  each  accompanied  by  a  brief  table  of  sta- 
tistics. These  ought  to  be  a  concise  presentation  of  valuable  informa- 
tion collected  on  this  subject;  but  as  shown  by  Professor  Hinrichs, 
they  contain  rather  a  large  amonnt  of  misinformation  due  to  the  utter 
absence  of  scioiitiflc  criticism  in  the  compilation  of  the  data. 

Tornadoes  and  dereckoK. — In  a  paper  entitled  "  Tornadoes  and  Dere- 
ehos,"  Professor  Hinrichs  describes  the  characters  of  tornadoes  and 
of  the  peculiarly  destructive  squalls  of  Iowa,  which  be  has  named  the 
derecho. 

He  defines  the  derecho  as  a  violently  progressing  m^ss  of  cold  air. 
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moving  destroctively  ODward  Id  alightly  dirergiog  straight  lioes,  iu 
Iowa  generally  towanla  the  southeast.  The  barometer  rises  suddenly 
and  the  tbermonieter  falls  greatly  under  the  blow  of  this  cold  air  of 
the  npper  strata  suddenly  striking  the  groand.  While occarringocca- 
liioDally  in  the  spring  and  early  summer,  the  derecbo  has  its  period  of 
gnateat  freqaency  and  intensity  in  the  midsammer  months,  Jaly  and 
August.  In  these  two  months  the  tommlo  does  not  occur  in  Iowa. 
Tlievriter  shows  that  the  list  of  Iowa  tornadoes  published  by  Lieu- 
tenant Fiuley  is  antrustwortby,  and  then  gives  a  corrected  list  of  all 
tbe  authentic  tornadoes  tliat  can  be  veriBed  by  reiwrts.  These  have 
occurred  in  April,  Hay,  June,  and  October.  {Am.  Meteor.  Journal,  T, 
p.  385.) 

Water-tpovtt. — Mr.  S.  R.  Elson  reports  several  water-siwnts  observed 
DO  the  Hooghly.  One  was  seen  "  projectetl  from  the  level  vapor-plane 
ora  towering  oumntns  cloud ;  through  a  telescope  it  showed  well  the 
downrush  on  the  inside  of  the  tube,  and  its  counterpart  the  whirling 
DpniRhou  the  outside,  twisting  and  coiling  round  and  round  against 
Ihe  watch  bauds  (face  upwards).  In  another  case  after  a  water-spout 
liail  Itecn  observed  for  some  time  and  it  was  beginning  to  shrink  and  to 
draw  itself  upwards,  "the  inside  downrusb  was  again  seen  to  advan- 
tage and  the  simultaneous  upward  whirl  around  the  dense  remains  of 
the  tube,  which  I  can  not  do  better  than  liken  to  the  turning  inside 
out  of  a  coat-sleeve,  only  the  end  of  the  tube  was  always  ragged;  aud 
here,  where  the  reversing  process  was  taking  place,  there  was  great 
cammntion  in  the  air  currents.  I  had  a  good  telescope,  observed  these 
phenomena  very  carefully,  and  was  on  the  alert  for  optical  illusions." 
{Sature,  xxzix,  p.  334.) 

Bai/t-falt  and  cyclones.— The  Beport  on  the  Meteorology  of  India  in 
18S7  (Calcutta,  1889)  calls  attention  to  the  relation  that  has  previously 
been  shown  to  obtain  between  raiu-fall  and  cyclones  during  the  south- 
vest  monsooD  period.  There  is  a  very  marked  tendency  for  cyclonic 
rain-stonns  to  run  along  the  trough  of  low  pressure,  tlie  mean  position 
of  wtiich  during  the  rains  stretches  from  SindorCutch  in  aueastsouth- 
^Btdirection  to  the  eastern  districts  of  the  central  provinces,  Orissa  and 
Cbutia  Nagpar.  An  examination  of  the  storm  tracks  of  1887  and  18SS 
hasabown  that  the  great  majority  of  these  storms  marchetl  across  the 
coast  in  the  direction  of  tbe  belt  of  lowest  pressure  at  the  time  of  their 
fmnation,  and  hence  it  may  be  inferred  that  if  a  depression  forms  dur- 
iug  the  rains  in  the  bay  it  will  very  probably  run  along  the  belt  of 
lowest  pressure  or  tbe  trough  of  minimum  pressure  iu  existence  imme- 
diately anteeedent  to  its  formation.  Since  the  chief  characteristic  of 
lioch  a  barometric  depression  is  light  and  variahlo  wiuil.-^,  it  will  be  seen 
tbat  this  principle  virtually  coincides  with  the  rule  that  cyclonic  storms 
iu  the  bay  march  in  the  direction  of  least  relative  air  motion  immedi- 
ately antecedent  to  the  formation  of  the  cyclone,  which  is  a  more  gen- 
eral rule  than  the  former. 
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Abnormal  weather. — Tbe  eastern  as  well  as  the  westera  bemisplieru 
was  vieitetl  by  extraordinary  spring  weather  in  1889.  The  folloniug 
not«  is  from  Xalure,  June  20,  18S0 : 

"  It  appears  that  th©  somewhat  eccentric  weather  of  western  Bmvpe 
daring  tho  present  year  finds  a  parallel  in  both  Ubina  and  Japan,  where 
people  complain  bitterly  of  tbo  sodden  changes  of  temperature,  the  pre- 
matnreheatfollowedbycold  " snatches,"  the  storms  iu  qnick  saccessiou 
and  of  great  intensity.  In  northern  China  there  baa  not  been  known 
such  aa  inclement  spring  since  foreigners  have  resided  in  tbe  conntry. 
A  warm  week  in  February  broke  up  the  ice  on  tbe  Peiho  Biver  prenui- 
turely,  but  afterwards  cold  set  in  with  great  severity,  and  March  was 
characterized  by  a  succession  of  gales,  lasting  sometimes  a  week  nitb- 
out  intermission,  and  as  late  as  tbe  34th  tbe  groand  was  covered  with 
snow." 

Dr.  B.  Andries  has  investigated  the  so-called  cold  period  in  May 
which  is  popularly  supposed  to  prevail  about  the  lOtb  of  that  month; 
bo  finds  tiiat  while  each  year  frosts  occur  iu  May,  after  a  period  of  warm 
weather  bas  excited  a  hope  for  continuous  rise  of  temperature,  yet  tli« 
same  thing  occurs  in  April  and  June,  and  tbe  weather  of  May  is  more 
uniform  thau  all  tbe  other  months  except  October.    (Daa  wetter,  June, 


Atmospheric  electrictfif. — Dr.  Less  (Berlin)  bas  studied  the  oocnrrence 
of  rain,  hail,  and  snow,  in  connection  with  thunder-storms.  He  concludes 
that  on  days  of  thunder-storms  in  winter,  tbe  temperature  diminishes 
with  altitude  at  a  much  greater  rate  than  on  days  of  precipitation,  and 
thunder-storms  seem  to  cease  entirely  when  there  is  considerable  amount 
of  condensed  moisture  iu  the  atmosphere,  fie  considers  that  both  these 
resolts  affordsubstantialoonfirmation  of  8ohncke*s  theory  that  the  elec- 
tricity of  thnnder-Btorms  first  arises  from  the  friction  between  ice  and 
water  particles,  bnt  additional  consideration  must  be  added  in  order 
to  explain  quantitatively  tho  high  jwteDtial  of  tho  lightning  discharge. 

Mr.  Angus  Bankin  bas  a  paper  in  the  Journal  of  tho  Scottish  Met«or- 
ological  Society  on  tbe  conditions  of  the  occurrence  of  St.  Elmo's  fire 
on  Ben  fievis.  He  finds  that  tbe  fifteen  observed  cases  occurred  afev 
hours  after  the  passage  of  the  center  of  a  cyclonic  depression,  wbeq  the 
temperature  was  rapidly  falling,  the  pressure  rising,  the  wind  west- 
northwest,  and  heavy  sbowers  of  snow  and  snow-hail  prevailing.  (Na- 
ture, XL,  p.  439.) 

Globular  Uffbtning. — At  the  British  Association  meeting  in  188S  Sir 
William  Thompson  expressed  tbe  belief  that  ball  lightning  is  altogether 
physiological.  A  vivid  flash  produces  an  intense  action  on  the  center 
of  tbo  retina,  and  when  the  eyes  arc  moved,  a  spot  of  light  follows, 
which  is  tbe  marvellous  ball  lightning  frequently  reDortetL^i 
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At  the  Americao  Association  meeting  iu  1380,  Pcof.  Dr.  T.  C.  Men- 
deuhal)  presented  n  series  of  obscrvatioim  of  ball  liglitniug,  the  coocut- 
nnt  testimouy  of  wliich  bad  couviuceil  Uiiu  of  tlie  reality  of  the  phe- 
DomeooD. 

lagktHing. — Hr,  W,  O.  McMillaa  describes  a  lightning  discbarge 
vbich  struck  a  house  in  Calcatta.  The  iustaDtaneous  discharge  of  rib- 
boD-lightniug  wasapparently  converted  ou  entering  the  house  into  a 
relatively  slowly  moving  fire-ball.  The  effect  is  described  as  that  of  an 
iDtensely  brilliant  ball  of  yellow  fire  abont  6  or  7  inches  in  diameter 
vhicli  passed  across  the  room  at  a  pace  sufficiently  slow  to  allow  it  to 
be  followed  by  t|ie  eye ;  abont  Lalf  way  across,  it  appeared  to  bo  mo- 
meDtarily  checked,  and  then,  seeming  to  burst  with  a  denfening  report, 
which  shook  the  whole  house,  it  scattered  and  passed  onward.  A 
large  portion  of  the  osygeu  iu  the  air  immediately  surrounding  the 
path  of  the  diish  was  converted  into  the  oxides  of  nitrogen.  (Nature, 
XL,  p.  295.) 

lAghtntHff  oonditctora. — A  discussion  on  lightning  and  lightning  con- 
ductors was  held  at  the  British  Association  meeting  iu  18S8,  iu  which 
Professor  Lodge,  Mr.  W.  H.  Preece.  Lord  Rayleigh,  Professor  Forbes, 
Sir  William  Thomson,  and  others  participated.  The  discussion  took 
a  wide  range,  though  primarily  designed  to  elucidate  the  question  as  to 
the  relative  superiority  of  Iron  and  copper  wire.  Mr,  Preece  stated 
tbat  both  iron  and  copiier  are  efflcacious.  Sir  William  Thomson 
tnew  of  no  experiment  which  proved  iron  less  efficient,  aud  it  is  prefer- 
able because  of  its  higher  melting  i>oint  as  well  as  on  account  of  its 
cheapness.  Contrary  to  the  opinion  of  Mr.  Preece,  Professor  Lodge 
believed  tbat  lightning  condnctors  are  sometimes  inefficient  even 
vhen  erected  in  accordance  with  all  the  demands  of  electrical  science, 
aud,  as  a  case  in  point,  he  instanced  M.  Melsen's  hotel  at  Brussels 
vhich  had  been  struck  and  burned  Although  elaborately  protected. 

Terreatrial  matfnctism.—Frof.  Arthur  Schuster  has  presented  to  the 
Boyal  Society  an  elaborate  investigation  on  the  diurnal  variation  of 
terrestrial  magnetism,  in  which  he  makes  use  of  the  method  of  har- 
monic analysis  to  separate  internal  from  esteriial  causes  of  variation. 

If  the  magnetic  effects  can  be  fairly  represented  by  a  single  term  iu 
a  series  of  harmonics  so  far  as  the  horizontal  forces  are  concerned, 
there  should  be  no  doubt  as  to  the  location  of  the  disturbing  cause, 
for  the  vertical  force  should  be  in  the  opposite  direction  if  the  origin 
is  outside  from  what  it  should  be  if  the  origin  is  inside  tho  earth. 
If  it  be  then  a  question  simply  of  deciding  whether  the  cause  is 
OQtside  or  inside,  without  considering  a  possible  combination  of  both 
eaaaee,  the  result  should  not  be  doubtful,  even  if  we  have  only  an  ap- 
PTDsimate  knowledge  of  the  vertical  forces.  He  had  previously  shown 
that  tho  leailing  features  of  the  horizontal  components  for  diurnal 
variations  could  be  approximately  represented  by  the  surface  har- 
paonic  of  the  second  degree  and  first  type,  and  that  tho  vertical  van- 
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ntion  agreed  ia  directiou  nnd  phase  with  the  calealation,  on  the  as- 
auDiptiou  that  the  seat  of  the  force  is  outside  the  earth.  Iti  the  present 
more  complete  iavestigationthe  matter  has  beei)  more  fblly  taken  np 
and  the  original  conclusions  have  been  confirmed. 

The  observations  taken  at  Bom  bay,  Lisbon,  Greenwich,  and  St.  Peterg- 
biirgh  are  nsed,  and  the  potential  is  compated  in  thirty-eight  terms 
of  a  series  of  surface  harmouics  by  means  of  the  horizontal  compo- 
nents ouly.  From  the  potential  tbns  computed  the  vertical  force  is  de- 
duced both  on  the  assumption  of  an  inside  and  an  ontside  origin  of  the 
vnriatiou.  By  tabulating  the  amplitude  and  phase  of  the  forces  com- 
puted ou  each  assumption  and  by  comparing  the  results  with  the  act- 
ually observed  values  a  com|>lete  disagreement  is  found  with  the  results 
obtained  ou  the  assumption  that  the  disturbing  force  is  inside  theeartb 
and  ueariy  complete  agreement  on  the  alternative  hypothesis. 

The  observed  amplitudes  are  found  in  all  cases  to  bo  considerably 
smaller  than  the  computed  ones. 

In  an  appendix  Prof.  H.  Lamb  shows  that  if  the  earth  be  heated  as  a 
conducting  sphere,  in  which  induced  currents  are  excited  by  an  exter- 
nal caaso,  this  reduction  in  amplitude  may  be  accounted  for. 

Prof.  Balfour  Stewart's  suggestion  that  convective  currents  in  the 
atmosphere  moviug  across  the  lines  of  the  earth's  magnetic  forces  are 
the  causes  of  the  daily  variation,  gains  much  in  probability  by  this  in. 
vestigation.  If  the  daily  variation  of  the  barometer  is  aecompanied  by 
a  horizontal  carreut  in  the  atmosphere  similar  to  the  tangential  motion 
in  waves  propagated  iu  shallow  canals,  and  if  the  conductivity  of  the 
air  is  sufficiently  good,  the  effects  on  the  magnetic  needles  would  be 
very  similar  to  those  actually  observed.     {Nature,  xxxix,  p.  633.) 

Auroras. — Mr.  II.  Bildebransson  gives  a  summary  of  the  result  of 
the  elaborate  observations  of  the  aurora  made  by  the  Swedish  polar 
expeditiou  at  Bossekop  (situated  in  the  maximum  zone  uf  anroras,  on 
the  coast  of  northern  Norway.) 

(1)  A  menu  of  371  measures  gave  the  azimuth  of  the  snmniit  of  the 
auroral  arch  in  S.  24°  12'  E. 

(2)  A  mean  of  87  measures  on  the  irasition  of  the  center  of  the  corona 
gave  its  altitude  79°  55',  azimuth  S.  7°  12'  E.  This  point  is  nearly  in  tbo 
magnetic  zeuith,  but  not  in  the  same  vertical  as  the  highest  point  of  the 
nrcti. 

(3)  1'ho  breadth  of  the  auroral  arches  varies  with  their  elevation 
above  the  horizon.  Tlie  arches  consist  of  rays  running  in  the  direction 
of  the  breadth  of  ilie  arch  and  converging  toward  the  magnetic  zenitb. 

(4)  The  auroral  light  sometimes  formed  a  trae  spherical  zone  paralM 
with  the  earth's  surface,  thus  floating  iu  space  as  a  horizontal  layer  of 
light. 

(5)  The  movcmeuts  of  the  arches  from  north  to  south  and  from  soittit 
to  north  were  almost  equally  frequent. 

(6)  Anomalous  forms  of  arches  were  very  freqnenti 
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(7)  Often,  waves  of  light  run  along  tlit;  arehi?8 }  eastward  and  weBt- 
«ud  motion  of  the  waves  were  equally  frequent. 

(8)  The  author  lejecte  the  classification  of  auroral  forms  giren  by 
Weyprecht,  and  distiDgaishes  only  two  diffiereat  forms  of  aaroral  light, 
ris,  zones,  or  horizontal  layers  of  light,  and  arches,  composed  of  mys 
parallel  to  the  dipping  needle.  The  arches  are  of  four  varieties:  (I) 
ircb,  or  a  regular  baud  ;  (2)  baud  or  drapery ;  (3)  spiral ;  (4)  pseudo- 
arch. 

(9)  the  auroral  light  is  of  two  kinds :  (1)  the  yellow  light,  entirely 
moiiochroRiatic ;  (3)  the  crimson  or  violet  light. 

(10)  No  sound  WHS  ever  heard  from  the  aurora. 

(11)  The  aurora  was  never  seen  to  descend  below  the  mountains  or 
lower  clouds.  Only  two  or  three  times  it  is  iiossible  that  the  light  was 
seen  below  the  upper  clouds.  Direct  measures  of  the  i)ai'allax  from  the 
end  of  a  short  base  (573  meters)  gave  an  average  height  of  55.1  kilom- 
eters, and  by  several  other  methods  about  2  kilometers  was  found  to 
betlie  probable  mean  height  of  the  aurora. 

(12)  No  annual  variation  could  be  discovorcd. 

A  daily  variation  having  its  maximum  at  3  i>,  m.,  aud  minimum  at  8 
i.  iL,  local  time,  was  computed.    (Nature,  xxxTiii,  p.  Si.) 

XL-SCINTILLATION;     LIGHT    AND    COCOB    OF    THE    SKY;    TWILIGHT 
GLOWS,  ETC. 

SantUlation  of  the  stars. — Dr.  J.  M.  Fernter  has  conducted  some  sciu- 
tillometer  observations  uimu  the  Sonntilick  (elevation  3,100  meters),  in 
order  to  determine  whether  there  is  greater  steadiness  at  higU  than  at 
lov  levels.  Two  of  Exner's  scintillometers  were  used  in  the  work,  aud 
sinDltaneous  observations  were  made  on  two  uights  at  the  summit  aud 
at  Rauris  (900  meters).  The  result  of  those  comparisons  showed  that 
ttie  Bcintillatiou  was  noticeably  greater  at  the  summit  than  at  ICauris. 
Dr.  Pemter  properly  draws  the  conclusion  that  scintillation  does  not,  iu 
all  cases  and  exclusively,  take  place  in  the  lower  air  layers,  and  that 
many  cases  occur  in  which  the  air  above  3,100  mettrs  elevation  is  more 
prodoctive  of  scintillation  thau  that  at  lower  levels.  Fernter  further 
coQclndes  that  little  or  nothing  is  gained  iu  steadiness  by  building  ob- 
serratories  at  high  elevations ;  but  Exner  considers  the  observations  too 
few  to  warrant  this  generalization  and  considers  that  it  is  simply  proved 
that  the  Sonnblick  is  not  particularly  suitable  for  an  astronomical  ob- 
tervatory.    {Meteorologiache  Zeitachrift,  1SS9,  vi,  p.  30.) 

Speeiro-piiotometry. — M.  Crova  has  presenteil  a  paper  to  the  Fans 
Academy  of  Sciences  on  tho  analysis  of  the  light  diffused  by  the  sky. 
fie  made  observations  on  the  top  of  Mont  Yentonx  with  a  modified 
form  of  his  spectro-jihotometer,  which  could  bo  directed  to  any  part  of ' 
the  sky. 

'Bia  curves  for  zenithal  light  show  a  predominance  of  the  more  re- 
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frangible  radintiauH  at  KUDrisc,  diminisUing  towarda  midday,  then  in- 
creasiug  towards  suuset,  but  not  reacliing,  iu  bomologous  boars  after 
noon,  the  same  valuea  as  in  the  morning.  The  figures  ahovr  to  what 
extent  the  ligbt  is  bluer  than  the  direct  sunlight,  and  the  light  of  the 
sky  at  MoDtpellier. 

Polariiation  of  gkylight.—iiT.  J.  C.  McOoiinel  has  made  obeerrations 
with  a  polarinietei'  at  St.  Morttz,  Tbersis,  and  Davos,  and  derives  tbe 
following  results: 

(1)  Tbe  polarrzattoD  of  sky-light  is  weakest  at  midday,  and  is  greater 
tbe  nearer  tbe  son  to  tbe  horizon. 

(3)  Snow-covered  groaud  diiuiuishes  polarisation,  and  in  general  tbe 
brighter  the  ground  is  illuminated,  tbe  weaker  the  polarization. 

(3)  Polarization  is  greater  at  high  altitudes  than  at  sea-level,  (i^tl. 
Mag.,  1889,  p.  81.) 

Twilight  pketwmena  and  the  Krakatoa  ervptton. — Prof.  J.  Kieading 
bas  published  tbe  results  of  his  studies  on  tbe  twilight  phenomena 
accompanying  the  Krakatoa  eruption  in  a  qaarto  volume  of  169  {Ages, 
illustrated  with  colored  plates,  charts,  and  wood  cuts. 

Tbe  aathor  first  inquires  in  what  particular  tbe  optical  phenomena  of 
1883-'86  differ  from  ordinary  twilight,  and  finds  that  it  is  essentially  the 
intensity  and  freqnent  repetition  which  distinguish  the  one  from  tbe 
other.  The  extension  of  this  optical  phenomena  over  the  world  after  the 
Krakatoa  eruption  is  represented  by  four  charts  on  which  are  entered 
the  places  and  times  of  observation.  Kiessting's  ext>eriments  teach 
that  tbe  colored  suds  observed  after  the  eruption  are  produced  by  dense 
clouds  of  smoke  and  dust,  the  single  particles  of  which  may  beof  qaite 
diBerent  sizes.  He  was  able  to  obtain  all  colors  from  reddish  brown  to 
violet,  except  the  green  colors  were  not  pare,  but  ai>peared  with  a  yel- 
lowish tint.  Colored  rings  are  seen  around  the  snn  only  when  t^e  par- 
ticles are  approximately  of  equal  size,  and  the  more  nearly  equal  the 
size,  the  brighter  the  coloring.  This  forces  the  conclusion  that  the  rings 
are  pheuomeua  of  diffraction.  In  the  discussion  of  twilight  plienomeoa, 
Kicssling  separat<^8  the  colored  horizoual  bauds  from  tbe  after-glows 
(purpurlicht).  The  latter  are  phenomena  of  the  same  kind  as  Bishop's 
ring;  the  former  are  due  essentially  to  absorption.  Of  special  interest 
is  the  question  whether  tbe  particles  that  produced  tbe  abnormal  phe- 
nomena were  smoke,  dust,  or  water.  It  is  possible  to  exclude  dnst 
(staub)  at  once,  since  dust  particles  would  not  possess  the  necessary 
uniformity  of  size;  and  tbe  assumption  that  sach  nuiformity  was 
attaiue<1  by  gradually  falling  is  inadmissable,  because  the  phenomena 
were  soeu  immediately  after  tbe  eruption.  As  between  smoke  and 
water  particles  it  is  not  easy  to  descriminate,  and  probably  both  wen 
engftced  iu  tbe  production  of  the  phenomena. 

Report  of  Rotfdl  Sitcietg  on  the  Krakatoa  Eruption. —Tbe  committee  ap- 
pointed by  the  Jtoyal  Society  to  rcpnrt  upoti  the  eruption  of  Krakatoa 
have  finished  their  work,  and  published  a  quarto  volume  of  490  pages, 
n,g,t,7.dt,'C00gle 
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together  with  diagrams,  charts,  and  colored  plates.  The  report  ujKtD 
tbe  optical  pheoomeDa  foUowiog  tliu  eruptioa  bas  been  made  by  Mr.  E. 
DoDglas  Archibald  and  Hud.  RoIIo  Russelh,  and  occapies  over  300 
pages.  Tbe  followiDg  r^sutn^  of  the  report  is  taken  from  Nature.  Tbe 
diOerent  sections  contain  discusBioDS  of  tbe  following  topics : 

(1)  The  proximate  cause  of  tbe  abnormal  twilights,  and  an  esplaoa- 
tion,  aa  for  as  was  possible,  of  tbe  way  in  which  they  differed  from  ordi- 
nac?  twilights,  both  in  quality  and  intensity. 

(2)  The  colored  suns,  large  corona  round  tbe  sun  and  moon,  and  the 
sk;'baze  or  eruption  clond  which  evidently  cause*]  them. 

(3)  The  geographical  distribution,  the  height  and  dnratioD  of  tbe 
gloira,  a  list  of  aoalogous  phenomena  on  former  occaaioDS,  opinions  put 
forvard  to  account  for  the  present  series,  aud  finally,  a  general  analysis 
of  their  couoection  with  the  eruptions  of  Erakatoa  in  detail,  each  in  a 
uparatfl  section. 

To  give  some  idea  of  the  principal  facts  and  conclusions,  we  will  com* 
iDence  with  the  abnormal  twilights,  considered  as  local  phenomena. 

A.  normal  sunset  consists  of  a  series  of  bands  of  color  parallel  to  the 
tiorizoQ  in  the  west  in  the  order  from  below  upwards — red.  orange,  yel- 
low, green,  blue,  together  with  a  purplish  glow  in  the  east  over  the 
cafth's  shadow,  called  the  "  connter-glow."  As  the  earth's  shadow 
mores  upwards  towards  the  zenith,  and  pasaes  invisibly  across  it,  a 
reddish  or  purplish  glow  suddenly  appears  above  the  colored  layers  in 
Ibewest,  in  a  spot  which  previously  appeared  of  a  peculiarly  bright 
whitish  color.  This  purple  glow  issabstantinlly  the  "primary  glow," 
or  more  defloitely  "  erste  purpnrlicbt."  It  is  peculiar  in  appearing 
above  tbe  horizontal  colors,  and  in  not  extending  far  on  either  side  of  a 
rtttical  plane  through  the  snn  and  the  spectator.  As  this  glow  sinks 
on  the  horizon  and  spreads  oat  laterally,  it  forms  tbe  first  red  sunset. 
Alter  its  disappearance,  under  favorable  conditions,  a  second  edition  of 
twilight  colors  analagons  to  the  first  commences  with  a  similar  bright 
Bpo((dammerangscfaein),  out  of  which  a  second  purple  light  ap[>ears 
to  be  suddenly  developed,  and  sinks  on  the  horizon  as  tbe  secondary  or 
"sfter-glow." 

These  are  the  normal  phases  of  a  complete  snnset,  ncconling  to  Dr. 
TOD  Bezold,  aud  the  present  series  appear  to  be  abnormal  only  in  ex- 
hibiting certain  peculiar  yellow  and  greenish  tints,  a  less  defined  bound- 
ary of  the  earth's  shadow,  together  with  a  much  greater  brilliancy,  ex- 
tension, and  duration  of  tbe  first,  and  particularly  of  the  second,  purple 
glows.  The  horizontal  layers  were  less  conspicuous  than  usual,  and 
tbe  abnormal  extension  of  the  purple  light  made  it  appear  as  though 
there  was  an  inversion  of  the  usual  order  of  tints  from  below  upwards. 

In  order  to  explain  these  and  other  iiecnliarities,  Mr.  Itussell  starts 
*iUi  the  observed  fact  of  a  sky-haze  which,  in  the  tropics,  tended  to 
tniisiitit  blue  or  green  rays  in  preference  to  red,  and  assuming  that  al- 
ike nsoal  elements  which  are  included  uuder  tbe  term  "  optica],  t^i^t; 
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Bion  "  were  preaeiit,  viz.,  difiractiott,  refrnctioii,  and  redection,  deseribes 
whatsbonld  be  tbe  effects,  (I)  assuming  a  hazo  composed  of  opaqne  par 
tides,  and  (2)  one  composed  of  very  tliin  reflecting  plates  into  vhjcb 
condition  a  large  proportion  of  the  pamice  ejected  from  Enikatoa  is 
shown  to  have  been  transformed,  nis  conclnsion  is  that  the  distinctive 
featnrps  of  tlie  Krakatoa  glows  were  due  mainly  to  reflection  from  these 
fine  laminie,  of  rays  already  tinted  in  a  certain  order  by  diffraction 
tbrougli  the  dasi  of  the  liazc  layer  and  the, lower  atmosphere,  ag  well 
as  by  the  selective  absorption  which  ordinarily  take^  place  in  the  mote 
humid  iiorizontui  layers  near  the  earth's  sarface.  The  direct  as  wellu 
diffuse  reflection  by  the  plates  and  by  the  opaque  dust,  (which  lay,  as 
Hr.  Archibald  lias  shown  iti  Section  it,  at  a  height  of  from  50,000  to 
100,000  feet,)  of  rays  tinted  in  succession,  as  both  the  direct  and  reflected 
twilight  boundaries  followed  the  descending  san,  and  the  peculiar  traas- 
missive  quality  of  the  stratum  for  the  more  refrangible  rays,  appear  to 
afford  a  reasonable  explanation  of  the  pecaliar  silvery  glare,  the  nnnsnal 
coloring,  and  the  nnasual  extension  of  the  purple  glows. 

It  is  admitted  that  difiraction  played  an  important  part,  as  it  does 
in  ordinary  sunsetB  (Lommet,  for  example,  attributes  all  the  red  tints 
to  this  cause) ;  bat  both  in  this  section  and  those  that  follow,  many 
considerations  are  urged  against  the  view  held  by  Professor  Kiessling 
that  the  development  of  the  primary  glow  is  chiefly  dne  to  difiractiou, 
while  the  secondary  glow  is  as  confidently  asserted  to  be  due  to  reflec- 
tion. One  of  the  principal  objections  to  the  reflection  hypothesis  in 
explanation  of  both  the  ordinary,  as  well  as  tiie  present  extraordinary, 
development  of  the  pnrple  glow  is  its  limitation  at  first  to  a  narrow 
band,  a  fact  which  cannot  be  explained  by  at>sorption,  and  which  is 
equally  at  variance  with  Fresnel's  law  of  reflection  from  small  globnlar 
dust,  which  would  be  equal  in  all  directions.  On  the  lamina,  and  par- 
ticularly the  vitreous  lamina  assumption  however,  it  is  intelligible, 
since  the  maximum  reflection  would  then  be  like  that  item  the  sea,  in 
the  vertical  piano  through  the  sun  and  the  eye. 

Moreover,  the  ricbly-colored  and  prolonged  secondary  glows,  which 
were  the  most  characteristic  feature  of  the  Krakatoa  twilights,  are 
shown  by  Mr.  Archibald,  when  dealing  with  their  secular  duration,  to 
have  reached  a  distinct  minimum  when  the  large  difTmctiou  corwa 
round  the  sun,  from  Professor  Ricco*s  observations,  appeared  at  its 
greatest  brilliancy,  while  the  curve  of  their  duration,  representing  Dr. 
Riggenbach  and  Mr.  Clark's  observations,  shows  that  they  never  again 
reached  the  same  brilliancy  or  duration  as  in  the  two  or  three  months 
imnie<liately  succeeding  their  first  appearance  in  Europe.  Both  tiiese 
facts  aid  the  conclusion  arrived  at  by  Mr.  Bussell  and  indorsed  by 
Professor  Kiessling,  that  they  were  reflections  by  the  haze  stratum 
of  the  primary  glows.  But  if  these  were  reflections,  the  question 
naturally  arises,  Why  not  the  primary  alsot  And  nntil  more  effective 
arguments  are  brought  against  this  view,  as  well  as  Professor  Bicoo's 
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objections  to  Professor  KieaaliDg's  theory  of  diffrnctiou  alone,  which 
are  detailed  in  Section  i  (c).  page  2i>l),  Mr.  Rassell's  view  of  the  origio 
of  both  k\ov9  seems  to  be  the  more  probable,  as  well  as  reasonable, 
of  the  two.  The  haze  strotnm  appears  to  have  been  citpable  of  exert- 
iDg  two  infiiiencea:  One,  diffraction  of  the  Riin's  rays  by  its  smallest 
particles,  wbich,  with  the  absorption  and  diffraction  nsniilly  affected 
by  the  dast  and  vapor  present  in  the  lower  atmosphere,  canaed  tho 
horizontal  tinted  layers;  the  other,  reflcctiou  by  its  larger  particles  or 
laminEB  of  tbo  Uorizontul  layers,  particularly  of  the  lowest  red  one,  when 
the  earth's  shadow  had  arrived  at  about  25°  above  the  western  horizon 
and  into  a  position  whence  the  maximum  reflective  effect  could  be  seen 
Qomaeked  by  a  diffusely  illuminated  background. 

The  qnestioQ  of  the  btne  and  green  coloration  of  the  snn  is  next  dis- 
CQSsed  by  Mr.  Archibald,  particularly  with  reference  tn  its  intrinsic 
cbaracteristica  and  physical  origin.  In  Section  vii,  in  which  the  dia- 
tnbntion  of  the  twilight  glows  and  the  blue  suns  on  their  first  circuit 
or  the  globe  is  compared,  it  is  shown  that  the  mean  limit  of  tbe  band 
of  coloretl  snnn  was  about  11°  north  and  sonth  of  tbe  latitude  of  Kra- 
katoa  right  around  the  equator,  while  that  of  the  glows  lay  5°  l>eyond 
thison  either  side.  Along  the  latitude  of  Krakatoa  tho  colors  were 
mostly  white  or  silvery,  and  in  one  or  two  cases  coppery.  The  colors 
thus  evidently  depended  on  the  density  of  the  stream,  the  glows  ap- 
pearing on  its  borders  or  fringes  where  it  was  less  dense.  A  similar 
relation  to  density  api>ears  fh>m  a  study  of  the  diurnal  changes  with 
varying  solar  altitude,  tbe  snn  appearing  to  change  from  blue  near  llie 
tenith,  through  green  or  yell  ow,  or  disappearance  on  tho  horizon.  No 
direct  physical  explanation  of  such  phenomena  appears  forthcoming, 
since,  according  to  the  physical  laws  enunciated  by  Lord  Itayleigh  and 
Professor  Stokes,  the  diffraction  of  light  by  particles  of  tbe  same  order 
<a  magnitude  as  a  wave  length  tends  to  sift  out  the  shorter  blue  and 
preserve  the  longer  re<1  waves  of  light.  Bepeated  reflections  by  small 
particles  tend  to  tbe  same  result. 

It  can  therefore  only  be  explained  as  an  effect  of  absorption,  due  to 
Bome  particular  absorptive  property  of  the  materials  which  composed 
the  haze.  The  phenomenon  of  a  blue  or  green  sun  lias  been  observed 
under  natural  conditions,  many  of  which  are  quoted,  and  in  most  cases 
where  the  air  was  filled  with  fine  dnst  from  a  great  variety  of  sources. 
It  has  also  been  artiflcally  reproduced  by  Professor  Kiessliiig  with  dust- 
Sited  air  and  vapor  of  water,  and  particularly  of  sulphur.  Several  ac- 
counts are  given  in  section  T  of  blue  suns  seen  in  connection  with 
former  emptions,  and  Mr.  Wbymper's  observations  during  an  eruption 
of  Cotopaxi  are  conclusive  as  to  the  ability  of  tho  finest  volcanic  ejcctii 
to  eanse  sncb  an  appearaace.  Tho  problem  which  stUl  awaits  solution 
is,  what  was  the  precise  nature  of  tbe  particles  or  gases  which  produced 
the  absorption  1    It  seems  probable  that  they  were  metallic  sulphides. 

Hr.  Archibald  next  deals  with  tbe  sky-haze  and  its  peculiar  effects, 
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more  particularly  on  astroiiomical  defitiition.  Uerc  again  it  seems  to 
bare  poeeessed  a  selective  absorption  of  tlie  red  rays,  for  id  two  separ- 
ate lunar  eclipses,  18S4  and  1885,  tbe  usaal  coppery  tint  of  tlie  moou 
was  conspicuously  absent.  He  tben  passes  on  to  tbe  peculiar  large 
corona  round  tlie  sun  and  moon,  wbicli  was  first  observed  by  Mr.  Bisbop, 
at  Honolulu,  on  September  5,  and  vbicb,  tbougb  less  striking  tliau  the 
twiligbt  glow,  was,  if  auytbing,  more  uncommon,  more  coustant,  and 
more  prolonged  in  duration.  It  was  a  true  difl'raction  corona  with  a 
reddisb  border,  and  of  almost  exactly  tbe  same  size  as  tbe  ordinary  ice- 
lialo,  viz,  45°  in  diameter.  It  lasted  from  September  5,  1.S83,  up  lo 
October  15.  IStiQ,  since  wbicli  date  it  bas  entirely  disappeared.  Its  di- 
ameter bas  afforded  au  approximate  determination  of  tbe  mean  mdias 
of  tbe  smaller  dust  particles  composing  tbe  boze,  wbicb  Mr.  Archibald 
calculates  to  be  O.OOOOC  of  an  iiicli. 

In  section  iii,  Mr.  Bussell  works  out  the  geographical  distribution  of 
tlic  optical  phenomena,  including  blue  suns  and  glows,  up  to  tbe  end  of 
1833,  by  which  time  they  had  virtually  covered  the  whole  earth.  The 
general  conclnsion  is  that  the  phenomena  all  propagated  tbeniselvi« 
(with  tbe  exceptiou  of  a  uaiTow  o&aboot  towards  Japan)  at  firdt  due 
west  from  Java,  at  a  rate  of  about  76  miles  an  hour  right  round  tbe 
earth  parallel  to  the  equator,  and  in  a  band  symuielricatly  disposed  for 
16°  on  either  side  of  tbe  latitude  through  Krakatoa.  A  second  cireait 
with  wider  limits,  30°  north  and  south  of  Krakatoa,  was  traced  at  the 
same  rate,  after  which  the  motion  became  indistinguishable.  They  then 
gradually  spread  in  latitude,  and  ultimately  the  bnec  which  caoeeil 
them  appears  to  have  invaded  our  latitudes,  like  tlie  anti-trade,  from 
southwest  to  northeast.  These  circumstances  may  be  best  realized 
from  a  survey  of  Mr.  Russell's  maps,  esjiecially  that  showing  tbesoc- 
ceseive  limits  of  tbe  appearances  for  the  first  9  days  succeediog  tbe 
eruption.  Tbe  march  of  the  optical  phenomena  wbicb  is  shown  in  Mr. 
Russell's  maps  is  the  only  direct  evidence  we  have  of  tbe  fact  that  at 
1<H),000  feet  above  the  earth,  in  the  immediate  vicinity  of  the  equator, 
the  air  in  August,  att<l  probably,  as  Mr.  Archibald  abows,  at  other  timo^ 
moves  in  a  rapid  and  constant  current  from  cast  to  west.  Both  in  sec- 
tion III  (b),  and  section  vil,  he  discusses  this  question  in  detail  and 
shows  its  agreement  with  tbe  theory  of  the  general  circulation  of  the 
atmosphere,  as  well  as  the  motions  of  the  upper  clouds  so  far  as  tbey 
have  been  observed. 

In  section  iv,  Mr.  Archibald  investigates  tbe  height  of  tbe  stratum, 
from  observations  in  all  parts  of  the  world  where  tbe  durations  of  tbe 
primary  or  secondary  glow  have  been  recorded  with  any  attempt  at 
accuracy.  Proceeding  on  the  hypothesis  that  the  primary  glow  wai  a 
first  reflection  of  the  sun's  rays  by  the  stratum,  and  tbe  secondary  a 
redaction  of  the  primary  glow,  for  which  ample  evidence  i»  adduced,  he 
concludes  that  the  height  of  tbe  upper  or  middle  part  of  tbe  stratum 
above  tbeeartb  diminished  from  121,U00  f«et  in  AugQ^(„^8S^to64,000 
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iiiJaDUBry,lSiJ4,llie  lower liiuittibeiug  practically  iiitlcterininate.  Also, 
since  from  Dr.  Kiggniiliacb'a  ^od  Mr.  Clark's  observatious,  the  glows 
coutinaed  le^B  brill iantty  aud  less  prolonged  after  tbe  first  few  lootiths 
right  op  to  tlie  end  of  1885,  while  a  decided  minitnuiu  in  tlio  duratiou, 
anil,tbereforc,presaaiably  the  beiglit,  of  tbe  reflecting  layer,  woB  readied 
iu  April,  1884,  the  important  coucliisiou  is  arrived  at  that  by  that  date 
the  larger  and  more- effect! rely  reflecting  particles  had  descended  to  a 
lower  level,  leaving  the  finest  particles  snspended  at  nearly  the  Haiue 
elevation  as  at  first.  This  ia  further  corroborated  by  the  remarkable 
fact  that  the  large  corona  reached  its  maximum  intensity  during  the 
game  moutb.  ' 

Finally,  in  section  tii,  Mr.  Archibald  gives  a  general  analysis  of  the 
coD&ection  between  all  the  optical  phenomena  and  the  eruptions  of  Kra- 
katoa,  both  in  May  aud  August,  in  which  the  various  objections  on  the 
ground  of  the  initially  rapid  transmission  of  the  appearances,  insuffi- 
ciency of  fine,  solid  ejecta,  length  of  time  of  its  8us)>ension,  aud  the 
occurrence  of  apparently  similar  phenomena  on  dates  previous  to  the 
great  AnguBt  eruption  are  discussed  in  turn.  The  time  of  snspension 
of  the  finest  dust  in  particular  is  shown — by  an  application  of  Profes- 
Bor  Stokes's  ibrmnla,  y=^,(——'i~  V'.for  tbe  velocity  of  a  small  par- 

tide  descending  in  air,  and  in  which  viscosity  is  properly  considered — 
to  be  over  two  years  between  50,000  and  100,000  feet,  even  assuming 
the  particles  to  be  spherical,  which  is  tbe  most  unfavorable  supposition. 
I^  as  ia  most  probable,  they  were  thin  plates,  the  time  would  be  much 
longer.  A  final  summary  is  then  given  of  the  direct  and  local  connec- 
tion between  tbe  optical  phenomena  and  the  eruptions,  both  of  May 
and  Angnst,  which  the  subsequent  discovery  of  the  relative  though 
minor  importance  of  the  May  eruption  rendered  necessary. 

Smuet  gloat. — Prof.  Cleveland  Abbe  has  published  a  pnper  on  tbe 
tanaet  glows  of  1884-'85  (written  in  November,  1885),  in  which  he 
ihuws  that  tbe  phenomena  can  not  be  produced  by  refnictiuu  and  cou- 
sequent  disitersiou  through  small  drops,  but  are  explicable  only  as 
diffractiou  effects  in  which  the  nature  of  the  substance,  whether  minute 
drope  of  water  or  non-transparent  panicles  of  dust,  is  immaterial. 

The  Bishop's  Ring  is  attributed  to  particles  so  for  removed  from  the 
eulb's  surface  as  to  remain  sensibly  permauent  through  many  seasons, 
vhile  tbe  red  twilights  are  diffraction  rings  due  to  similar  aud  slightly 
larger  particles  in  the  lower  atmosphere.  In  a  prefatory  note  written 
February,  1889,  Professor  Abbe  gives  the  following  as  bis  present  con- 
clusioDs : 

(1)  Vapor  haze  is  more  important  thau  dust  haze. 

i^i)  A  shallow  layer,  sparsely  filled  with  such  minute  particles  of 
vapor  haze  generally  accompanies  every  area  of  higli  pressure  and  clear 
air,  and  appears  to  produce  the  diffraction  necessary  for  the  phenomena 
that  are  still  observable. 
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(3)  A  deeper  layer,  more  densely  filled  with  miunte  aod  also  wiUi 
atill  larger  partisles  suffices  to  explaio  tbe  pheDomena  of  1$83--'S4. 

(4)  The  dust  and  baze  needed  to  produce  red  coloration  of  light  by 
selective  absorption  and  reflection  is  always  pi-esent  in  the  lowest  air 
stratam. 

(5)  The  Krakatoa  eruptioa  sufBced  to  throw  snfficieDt  moistnre  into 
the  atmosphere  to  explain  tbe  diGTraclive  phenomena  or  lSS3-'84  and 
its  gradual  subsidence  since  then. 

(6)  The  daily  weatlier  reports  printed  in  tbe  Signal  Serpice  BvU.  IiU. 
SimuL  Obs.  shows  that  the  distribntion  of  Krakatoa  vapor  most  have 
beea  largely  ioflueuced  by  disturbances  in  the  lower  atmosphere,  and 
we  do  not  need  to  assume  an  exclnsive  influence  of  general  npper  car 
rents,  either  easterly  or  westerly,     (Am.  Meteor.  Joumaly  T,  p.  629.) 

Mr.  S,  E.  Bishop,  in  a  letter  dated  Honolulu,  July  25, 1889,  reports  a 
re  appearance,  beginning  on  Jnly  13,  of  sunset  glows  like  those  of  18S.t- 
'84,  but  of  less  brilliancy.  Tbe  glows  were  brightest  on  the  14th  and 
the  IStb  and  were  visible  nntil  the  20th,  with  decreasing  intensity.  A 
spaceof  150  radius  around  the  sun  was  occupied  by  a  whitish  glow, 
like  that  in  "  Bishop's  Ring."  A  noticeable  peculiarity  of  tbe  [NresMit 
glows  is  the  occurrence  of  a  tertiary  glow  in  addition  to  the  primary  and 
secondary.  Another  difference  is  tbe  much  earlier  time  at  which  ttio 
glows  take  place,  and  tbe  rapidity  with  which  they  follow  each  other, 
indicating  that  the  reflecting  stratam  of  haze  is  very  low  down  as  com- 
pared with  tbe  Krakatoa  baze.  Tbe  reflected  rays  of  the  snn,  travers- 
ing a  smaller  extent  of  tbe  lower  atmosphere,  show  less  red,  baving  less 
of  the  other  colors  interrdpted.  For  the  same  reason  they  retain  force 
enongh  for  a  third  reflection,  in  which  a  very  pure,  though  faint,  red  ap- 
pears.   (Nature,  XL,  p.  415.) 

Mr.  J,  W.  Backhouse  reports  a  feeble  re-appearance  over  western 
Enropeof  a  great  corona  around  the  snn  during  August  and  Septem- 
ber, IdSft.    {Nature,  XL,  p.  519.) 

Ifoctilwous  clouds. — O.  Jesse  gives  tbe  following  discription  of  the 
luminous  night  clouds  that  have  been  visible  in  Europe  dnring  the 
months  of  June  and  July  since  1885,  Tliey  are  visible  only  in  that  por- 
tion of  the  evening  or  morning  sky  which  is  illuminated  by  the  twilight 
and  bounded  by  the  twilight  arc.  These  clouds  disappear  as  soon  as 
the  twilight  arc  passes  over  tbem.  In  the  evening  tbe  clouds  appear 
when  tbe  snn  is  about  UP  below  tbe  horizon,  and  continue  visible 
througbont  the  duration  of  twilight.  In  the  morning  the  phenomeua 
are  inverted.  They  are  very  similar  to  cirri  in  form  and  strnctare,  but 
when  an  ordinary  cirrus  cloud  is  present  it  looks  much  darker  than  the 
twilight  sky  surrounding  it,  while  luminous  clouds  are  brighter.  *  {Me- 
teoroloffUcke  Zeitschrift,  1889,  Tl,  p.  184.) 

Prof.  John  Le  Conte  discusses  in  Nature  the  origin  and  soorce  of  the 
light  in  noctilncons  clouds,  and  refers  to  a  collection  of  observations  of 
this  phenomenou  made  by  Arago,  aud  to  his  conclusion  that  the  cloods 
are  self  luminous.    Professor  Le  Conte  has  observed  on  tbe  coast  <iS 
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Georgia  <i  lamiDosity  sufflolent  to  plainly  indicate  the  ronil  to  the 
traveller  in  instaiices  when  low-lying  dense  maases  of  clonds  involved 
the  whole  flrmtiment.  lu.  some  oases  the  noctilucoas  condition  may  be 
caosed  by  the  prolonged  twilights  doe  to  the  reQection  of  sunlight 
from  attennated  solid  particles  suspended  in  the  snpra-cirrns  strata  of 
the  atmosphere,  and  in  other  eases  may  be  traced  to  clond-obscnred 
anroral  lights.  Whether  these  aonrcesof  tnminosity  are  sufficient  to 
ezpUin  the  various  observed  phenomena  without  supposing  a  condition 
of  self  luminosity  is  still  a  matter  of  qnestion. 

Hr.  D.  J.  Bowan,  Dublin,  reports  luminous  night  clonds  appearing 
between  10  p.  m,  and  midnight,  June  7, 1S89,  for  the  first  time  during  the 
present  year.  He  baa  found  them  for  several  years  to  be  an  annual 
{Nature  XL,  p.  151.) 


8u»-»pot  period  in  Indianweather. — Mr.Eliot  inhislast  Meteorological 
Beportfor  India,  referringtosnn  spots  and  weather  in  India,  says  that 
the  period  of  minimum  snn  spots  is  apparentlyasaociated  with  the  larg. 
est  and  moat  abnormal  variations  of  meteorological  conditions.  Thns 
exceptionally  heavy  snow.fell  in  the  northwest  Himalayas  in  ISOG,  and 
again  in  1S76  and  1877 :  the  most  disastrous  famines  of  recent  years  in 
Indiahave  occurred  nearthe  period  of  minimnmsunsftots;  and  the  largest 
and  most  intense  cyclones  apparently  have  a  tendency  to  occur  shortly 
before  the  minimum.  For  example,  in  the  great  Calcutta  eyoloue  of 
1861,00,000  people  were  drowned,  and  in  the  still  larger  Backerganj 
cyclone  of  1876,  100,000  lives  were  lost  by  drowning. 

Hifdrologif  tn  Galicia. — Annual  tables  of  rain-fall  and  river  heights  in 
Gallcia  for  1887  and  1888,  have  been  published  (see  bibliograpby)  nnder 
the  direction  of  Professor  Karlinski,  director  of  the  Cracow  observa- 
tory. The  Tolnme  for  1887  contains  daily  observations  of  river  heights 
Useventytwo  stations  and  precipitation  measures  at  one  hundred  and 
thirty-five  stations;  that  for  1888,  ninety-tworiver  stations  and  one  fann- 
tlred  and  twenty-nine  rain  fall  stations.  The  daily  rain-fall  tables  are 
given  only  for  June  in  1887,  and  in  1S8S,  for  July,  Aagnst,  and  Heptem- 
bnr.  Isobyetals  are  drawu  presenting  graphically  the  distribution  of 
rainfall.  The  tables  furnish  a  valaable  oontribution  of  data  for  the 
Btady  of  the  relation  of  surface  and  climatic  conditions  to  the  flow  of 
streams. 

flJFdro%yo/(fc«jSaflZ«,— Dr.  Ule  (Halle)  has  investigated  the  relation 
of  the  discharge  of  the  Saale  to  the  total  precipitation  over  its  water- 
shed, as  determined  by  reports  from  forty -five  stations.  He  finds  that 
for  the  period  from  18S3  to  1886  only  30  per  cent,  of  the  precipitation 
was  discharge*)  by  the  Saale.  The  total  annual  precipitation  was  606 
inillimeters ;  no  evaporation  observations  were  made.  {Meteorologiacke 
ZtiUehrift,  1889,  Ti,  p.  272.) 
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Underground  waters. — Tbc  siiiiervising  eiigiiieors  of  the  coal-mjneain 
the  lower  Hiioiio  biutiii  Iiave  studied  tbe  rel&tion  of  tlieHow  of  water  in 
tlie  mines,  to  the  raiu-fall.  In  tbe  copious  raios  of  October  and  No- 
reml>er  the  raio-waterBiuks  into  tbe  strata,  following  fraetares  and 
lines  of  erosion,  and  re^icbes  tbe  mine  from  twenty-four  to  thirty-six 
hours  after  the  rainfall.  Areas  of  different  geological  structure  show 
different  periods  of  infiltration.  In  tbe  mines  of  Fuveaii  and  Or^asqne 
tbe  water  enters  in  two  periods ;  the  first  some  boors  after  the  end  of 
the  rain,  proceeding  from  quite  local  infiltration,  whilst  tbe  second, 
arriving  some  days  later  and  coutiuuiDg  much  longer,  comes  from  more 
distant  regions.    (Ibid.  p.  80.) 

CommiMion  m^t^rologique  du  Department  dea  Votget ;  Observatioiis 
fait«sen  18$7-18S8.  Epinal.  1889.— In  addition  to  a  full  sammaryof 
meteorological  observations  this  report  contains  iraporCant  pbienologi- 
cal  and  liydrograpliic  data.  Tbe  rivers  attain  their  flood  heights  in  tbe 
winter  months.  Tbe  Moselle  carries  off  abont  48  per  cent,  of  tbe  pre- 
cipitation that  falls  within  its  catchment  basin.  The  nuited  discharge 
of  tbe  Meuae  and  Mouson  at  Neufcbatean  is  47  per  cenL  of  tbe  rain- 
fall ;  that  of  tbe  Vair  at  Soulonse  35  per  cent. ;  that,  of  the  Heaee  at 
Maxey-sur-Mense,  40  per  cent.  Tbe  Moselle  rises  on  tbe  average  abovt 
W  centimeters  at  Epinal,  when  the  rain-fall  in  the  upper  part  of  tbe 
watershed  anionnts  to  1  centimeter.  Monthly  averages  of  precipita- 
tion at  low  level  and  mountain  stations  show  the  effect  of  elevation. 
The  mean  aunnal  rain- fall  at  320  meters  elevation  is  840  millimeters ;  at 
460  meters  is  1,347  millimeters,  and  at  750  meters  elevation  i»  1,CT2 
millimeters. 

Tlie  hydrographic  department  of  Russia  has  devoted,  since  1837,  a 
good  deal  of  attention  to  the  secular  rising  of  tbe  coasts  of  tbe  Baltic 
Sea,  and  a  numlter  of  marks  have  been  made  on  the  rocky  coasts  of  tlie 
Unlfs  of  Bothnia  and  Finland  in  order  to  obtain  trust-worthy  data  as  to 
the  rate  of  the  upbeAvnl  of  the  coasts.  Since  18C9  observations  have 
been  carried  on  in  a  systematic  way  for  measuring  tbe  cbanges  in  the 
level  of  tbe  Bailie  at  several  of  these  marks,  and  tbe  results  of  tiie 
observations  are  now  summed  up  by  Colonel  Mikbailoff,  in  tbe  Itvestia 
of  tbc  IJnsa.  Geograpbical  Soc.  xxtv,  3. 

Taking  only  those  stations  at  which  tbe  secular  change  could  be  dc- 
terminetl  (from  observations  from  1839  to  1878),  tbe  rise  of  the  coast  in 
a  century  would  appear  to  be  as  follows:  Aspo,  20.3  inches;  Island 
of  Kolko,  2C.7 ;  Island  of  Skotlnnd,  12.5;  Haugondd,  33.7;  Island  of 
Jussair,  31.G;  LehtO,  U.S. 

Forest  and  climate. — Dr.  H.  E.  Ilamberg  boa  issued  Part  ITI  of  Itis 
investigations  on  tbe  relation  of  forests  to  climate  iu  Sweden. 

The  following  are  bis  conclnsions : 

The  excess  of  water  supplied  to  tbe  atmosphere  by  tbe  forest  vege- 
tation, above  that  which  would  l>e  supplied  by  tbe  same  area  of  bare 
soil,  is  certainly  considerable,  and  if  that  amount  of  vapor  remained 
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over  the  forest  or  was  restored  to  the  soil  iu  the  Tortn  of  rain,  it  would 
be  of  great  Qtility,  but  the  wiad  carries  this  vapor  away  and  disperses 
it  on  all  sides,  so  that  its  useful  effect  to  our  owu  country  is  scarcely,  if 
lit  all,  perceptible.  Accordingly,  the  differeoce  of  alisolute  as  well  as 
of  relative  humidity  between  the  cultivated  patches  iu  our  extensive 
[brest  districts  and  the  cultivated  plains  of  our  country  is  very  slight  or 
almost  ntZ.  It  is  true  that  relative  bnmidity  is  greater  under  trees, 
aD<l  as  the  relation  mentioned  does  not  apply  to  open  spaces  sarrounded 
by  wood,  this  difference  iu  humidity  can  have  no  practical  importance. 

The  lakes  and  large  swamps  as  well  as  marshes  have  a  much  greater 
iDflaence  oa  atmospheric  humidity  thau  the  forests.  The  evapors- 
tioD  from  the  latter,  for  equal  areas,  is  far  less  than  from  the  former. 
Jhe  draining  of  lakes  and  swamps  has  uot  been  regarded  with  serious 
alarm. 

One  effect  of  forests  on  atmospheric  humidity  which  seems  to  be  usefnl 
to  vegetation  and  agriculture  is  the  increase  of  dew  in  clearances ;  but 
this  iscrease  of  dew  is  not  attribntable  to  a  greater  abundance  of  vapor 
in  the  forests,  but  to  the  increase  of  terrestrial  radiation  induced  by  the 
forest 

The  agriculturists  of  Sm&Iand  and  of  Jemtland  have  preferred-  bare, 
dry,  elevated  lands,  exposed  to  wind,  to  fields  at  a  lower  level,  wooded 
and  moist,  but  more  subject  to  frost. 

If  all  the  forests  were  cleared  what  would  be  the  result  for  the  atmos- 
pheric humidity  in  Sweden  1  Supposing  that  this  clearance  did  uot 
materially  modify  the  quantity  of  ram  that  falls,  and  it  is  not  proved 
Cliat  it  would,  it  seems  to  us  that  the  amount  of  vapor  contained  in  tbn 
stratum  of  air  in  which  we  live  would  not  be>  altered  in  a  way  which 
woald  materially  influence  vegetation.  Probably  relative  humidity 
woald  be  slightly  reduced  in  summer,  because  temperature  would  rise 
slightly. 

In  Bulletin  No.  2  of  the  Forestry  Division  of  the  Department  of  Ag- 
ricolture,  Mr.  G.  H.  Parsons  discusses  the  relation  of  the  climate  of 
Colorado  to  the  growth  of  trees.  The  author  finds  that  the  great  range 
of  temperature,  the  warmth  of  the  sun's  rays  iu  cold  weather,  the  low 
bnmiility,  small  rain-fall,  rapid  evaporation,  small  cloudiness,  and  the 
Dortiiers  and  chinooks  are  unfavorable  to  tree  growth.  Even  <rrt- 
gatiiu  can  only  partially  supply  the  tree  with  the  moisture  it  needs, 
aud  can  never  give  it  the  luxuriant  foliagt;  characteristic  of  moist  cli- 
mates. 

Bffectt  of/orett  destruction. — Mr.  W,  E,  Abbott  has  observed  that 
deforestation  in  New  South  Wales  has  been  followed  by  a  more  abun- 
dant flow  of  water  in  the  streams ;  springs  have  broken  out,  dry  water- 
courses have  began  to  flow,  and  the  change  is  apparently  permanent. — 
{Journ.  Roy.  Soc.  New  South  Wales,  xxii,  p.  0!).) 

Dr.  0.  Birkner  finds  that  iu  Saxony  the  forests  interpose  an  obstacle 
totlie  rapid  poB-pff  of  the  rain-fall  in  heavy  rains  and  thereby- prevept 
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floods  in  tbe  rirer  ralleys.    This  result  is  effected  in  throe  different 
ways: 

(1)  Tlie  foliage  of  tbe  trcea  cntchus  a  ]M)rtioD  of  thtf  rain  and  holds  it 
UDtil  cva|M)rate(l. 

(2)  On  steep  slopes  forests  furuisli  a  permeable  ooveriog  of  eartb, 
wbich  acts  iu  a  liigh  degree  as  a  protection  against  a  rapid  niu-otFaDd 
prevents  the  rapid  and  complete  denudation  of  the  surface  covenog 
itself. 

Ruthless  de-forestatiou  in  Liisaiia  has  openetl  the  way  for  disastrouB 
floods.     {Meteorologiiche  Zeitschri/t,  18S9,  VI,  p.  201.) 

Forests  and  rainfall. — The  annual  report  of  tbe  Commissioner  of 
Agriculture  for  188S  contains  au  interestiug  review  by  Dr.  B.  E.  Femov 
of  tbe  literature  on  forests  and  rainfall.  The  namerous  attempts  to. 
prove  statistically  the  effect  or  the  non-effect  of  foresta  iu  modifying  the 
precipitation  are  shown  to  bo  iacouclusive. 

Foreatrs  in  Burmak. — The  first  aunoal  report  of  the  conservator  of 
the  forests  of  Upper  Bnrmah  shows  that  much  has  been  done  in  a  short 
time  towards  tbe  protection  of  forests.  A  staff  of  eleven  assistants  has 
been  employed,  and  iu  some  cases  escorts  have  protected  these  officers 
in  their  work.  Fifty-seven  people  have  been  convicted  of  offeoscs 
against  tbe  forestry  regulations,  but  serious  loss  has  still  resulted  to  tlie 
forest  revenue  from  .the  plundering  of  unmarked  timber  by  local  traders. 

Forestry  in  China.— By  a  government  proclamation,  well  directed  and 
determined  efforts  are  to  bo  put  forth  toward  afforestation  in  China. 
China  is  a  treeless  country,  and  to  this  uro  perhaps  due  tbe  devastating 
floods  that  have  caused  such  repeated  damage.  Slight  attempts  have 
previously  been  made  to  plant  extensive  tracts  with  forest  trees,  but 
the  strong  northerly  winds  which  prevail  soon  nprootcd  those  that  had 
not  been  planted  to  a  sufficient  depth  nor  iu  well-chosen  places. 

The  methods  now  to  be  adopted  are  those  of  e<)ucation  in  forest 
culture  and  local  encouragement  and  reward  for  successful  work. 
{Nature,  xxxix,  p.  694.) 

Climate  of  geologic  epochs. — Dr.  Ifeumayer,  in  a  paper  before  tbe  So- 
ciety for  the  Extension  of  the  Natural  Scieuces,  iu  Vicuna,  argues 
agatust  the  theory  of  a  nuitbrm  climate  over  thecai'th  in  any  geological 
epoch.  He  shows  that  the  occurrence  of  any  given  flora  or  fauna  does 
not  prove  any  definite  climatic  conditions,  because  plants  are  able  to 
adapt  themselves  to  different  envirounient.  Again  the  theory  of  a  ani- 
form  fiora  over  tbe  earth  iu  the  carbouiferoas  age  can  not  now  bo  ad- 
mitted. The  climate  of  Greenland  and  Grinnell  Land  since  tertiarj' 
time  has  grown  colder  by  an  amouut  not  much  less  than  30°  C.  Europe 
also  shows  an  important  cooling.  But  in  tbe  opposite  hemisphere  at 
tbe  same  latitudes  the  cooling  since  tertiary  time  has  been  stnkingly 
less.  In  tbe  miocene  flora  of  Japan  there  is  no  sure  evidence  of  a 
climate  warmer  than  that  of  to-day  and  in  the  pliocene  flora  there  are 
indications  of  a  colder  climate.    These  facts  m>int  to  a  change  to  tbe 
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poBittou  of  tlie  eartli'H  axis  of  rotaticm,  aud  Ibiti  Bupposition  in  confirmed 
by  similar  plienomeua  iu  tbe  southeru  hemJBphere.  (ifeteorologische 
Zeitiekri/i,  1839,  p.  [85].) 

Mr.H.H.  llonortli  addacesa  variety  of  evideuce  goiug  to  prove  tbat 
Siberia  during  the  mainmotli  age  was  possessed  of  a  teiiii>erate  climate 
and  was  probably  occupied  by  forests  to  tbe  borders  of  tUe  Arctic 
Ocean.  Schmidt  and  others  have  shown  that  rooted  trunks  of  trees 
are  fonnd  in  tbe  beds  containing  mammoth  remains  far  north  of  the 
present  range  of  trees. 
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HOW  EAIN  IS  FORMED." 


By  II.  F.  BlANFORD,  F.  U.  S. 


Id  c^rtaJD  villages  iu  'lie  Indian  Central  ProviiivcH,  besidea  tlie  vil- 
litge  blacksmith,  the  village  accountant,  the  village  watclmian,  an<1  tbe 
like,  there  is  au  official  termed  the  gapogari,  whose  duty  it  is  to  make 
rain.  So  loug  aa  the  seasons  are  good,  nud  the  rain  comes  in  dno  sea- 
80E,  his  office  is  no  doubt  a  pleasant  and  lucrative  oue.  It  is  not  very 
laboriooa.  and  it  is  obviously  tbe  interest  of  all  to  keep  hiui  in  gooil 
liDmor.  But  if,  as  sometimes  happens,  the  hot  dry  weather  of  April 
and  May  is  prolonged  through  June  and  July,  and  week  after  week  the 
rpl  sees  his  yonug  sprouting  crops  withering  beneath  the  pitiless  hot 
TJDdi},  public  feeling  is  wont  to  be  roused  against  the  i>cccant  niin- 
maber,  aud  he  is  led  forth  and  periodically  beaten  until  ho  mends  his 
ways  and  brings  down  the  much-needed  showers. 

Yon  will  hardly  esjiect  me,  and  I  certainly  can  not  pretend,  to  iinpnrt 
loyou  the  trade-secrets  of  the  professional  rainmaker.  Like  some  other 
branches  of  occult  knowledge  which  Madam  Blavatsky  iissures  us  are 
tudigenous  to  India,  this  art  of  raiu-makiug  is  perhaps  not  to  be  acquired 
by  those  who  have  been  traiued  iu  European  idens ;  but  we  can  at  least 
vatch  and  inten-ogate  nature,  and  learn  something  of  her  method  of 
achieving  tbe  same  end;  and  ifher8caleofoi>erationsistoolargeforour 
BDocessfnl  imitatiou,  we  shall  find  that  not  only  is  there  much  iu  it  that 
may  well  challenge  onr  interest,  but  it  may  enable  us  to  some  extent  to 
exercise  prevision  of  its  results. 

Stated  in  the  most  general  terms,  nature's  process  of  rain-making  is 
extremely  simple.  Wo  have  its  analogue  in  the  working  of  tbe  com- 
mon stiU.  First,  we  have  steam  or  water  vapor  prodnced  by  heating 
and  evaporating  the  water  in  the  boiler;  thenthotransferof  this  vapor 
lo  a  cooler ;  and  finally  wo  Lave  it  condensed  by  cooling,  and  recon- 
verted into  water.  Ilcat  is  communicated  to  the  water  to  convert  it 
into  vapor,  and  when  thatlieat  is  withdrawn  from  it,the  vapor  returns 
to  itaorigiual  liijuid  state.     Nature  performs  exactly  the  same  process. 

Iu  tbe  still,  the  water  is  heated  until  it  boils;  bnttlnsisnotcs.scntiaI, 

*  A  lectuTV  delivered  at  tlie  Hjtbe  School  of  Miishetr;  on  November  19,  It^. — 

(-VoiBrt,  January  :i,  1889,  vol.  xxxix.,  pp.  S24-229.) 
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for  evaporatiOD  may  take  place  at  all  temperatures,  eveo  from  ice.  A 
commoD  little  piece  of  apparatus,  often  to  be  seen  in  tbe  wiodow  of  the 
philosophical  instrument  maker, and  known  as  WoUaston's  cryophoras, 
is  a  still  that  works  witboat  any  fire.  It  consists  of  a  large  glass  tube 
with  a  bulb  at  each  end,  one  of  which  is  partly  filled  with  water;  and, 
all  the  air  having  been  driveu  out  of  the  tube  by  boiling  tbe  water,  it  is 
hermetically  sealed  and  allowed  to  cool.  It  then  contains  nothing  bnt 
water  and  water  vapor,  the  greater  part  of  which  re-condenses  when  it 
cools.  Kow,  wheuthas  cold,  if  the  empty  bulbbesnrrouodeil  by  ice,  or, 
'  better,  a  mixture  of  ice  and  salt,  the  water  slowly  distils  over,  and  is 
condensed  in  the  colder  bulb,  and  this  without  any  heat  being  applieil 
to  that  which  originally  contained  the  water.  And  this  shows  us  that 
all  that  is  necessary  to  distillation  is  that  the  condenser  be  kept  cooler 
tbau  the  evaporator. 

Nevertheless,  at  whatever  temperature  it  evaporates,  water  requires 
beat,  and  alarge  quantity  of  heat,  merely  toconvert  it  into  vaporjand 
this  is  tbe  case  with  tbe  cryopliorus ;  for  if  tbe  evaporating  bulb  be 
wrapped  round  with  flannel,  and  so  protected  from  sources  of  heat 
around,  the  water  cools  down  until  it  freezes.  That  is  to  say,  it  gives 
up  its  own  heat  to  form  vapor.  A  simple  experiment  that  anyone  may 
try  with  a  common  thermometer  affords  another  illustration  of  tbe  same 
fact.  If  a  thermometer  bulb  be  covered  with  a  piece  of  muslin,  and 
dipped  into  water  that  has  been  standing  long  enough  to  have  the  same 
temperature  as  tbe  air,  it  gives  the  same  reading  in  the  water  as  in  the 
air.  Bnt  if  when  thus  wetted  it  be  lifted  out  and  exposed  to  the  air, 
it  begins  to  sink  at  once,  owing  to  tbe  evaporation  of  the  water  from 
tbe  wet  surface,  and  it  sinks  tbe  lower  the  faster  it  dries.  In  India, 
when  a  hot  wind  is  blowing,  the  wet  bulb  sometimes  sinks  40^  below  the 
temperature  of  the  air. 

Now  this  is  a  very  importaut  fact  in  connection  with  tbe  formation  of 
rain,  because  it  is  owing  to  the  fact  that  water  vapor  has  absorbed  a 
large  quantity  of  heat,  (which  is  not  sensible  as  heat,  but  must  be 
taken  away  from  it  before  it  can  be  condensed  and  return  to  the  liquid 
state,)  that  vapor  can  be  transported  as  soch  by  the  winds  for  thou- 
sands of  miles,  to  be  condensed  as  rain  at  some  distant  part  of  the 
earth's  surface. 

1  have  said  that  the  quantity  of  absorbed  beat  is  very  large.  It 
varies  with  tbe  temperature  of  the  water  that  is  evaporating,  and  is  tbe 
greater  the  lower  that  tem^ierature.  Prom  water  that  is  on  the  point 
of  freezing  it  is  such  that  1  grain  of  water  absorbs  in  evaporating  as 
much  heat  aa  would  raise  nearly  5J  grains  from  the  freezing  to  the  boil- 
ing i>oint.  This  is  called  tbe  latent  heat  of  water  vapor.  As  I  have 
said,  it  is  quite  insensible.  The  vapor  is  no  warmer  than  the  water 
that  produced  it,  and  this  enormous  quantity  of  heat  bas  been  employed 
simply  in  pulling  the  molecules  of  water  asunder  and  i^L'ttiug  tbeni  free 
in  the  form  of  vapor,  which  is  merely  water  in  the  state  of  gas.    All 
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liqaids  absorb  latent  beat  when  they  evaporate,  but  no  other  known 
liquid  reijuires  so  lanch  as  water. 

Many  things  familiar  in  every  one's  experience  find  tlieir  explanation 
in  tills  absorption  of  latent  beat.  For  iuatance,  we  feel  colder  with  a  wet 
ikin  tbau  witb  a  <Iry  one,  and  wet  clothes  are  a  fruitful  tiource  of  ohills 
wben  tbebody  itt  in  repose;  altbough,  so  long  aa  it  is  in  active  exercise 
and  prodaoing  a  large  amount  of  beat,  since  ttie  evaporation  only  car- 
ries off  tbe  excess,  no  ill  consequence  may  ensue.  Again,  if  a  kettle 
be  Blled  with  ice-cold  water  and  put  oira  gas  stove,  snp|H>8e  it  takes 
ten  minutes  to  bring  it  to  boil.  lu  that,  ten  uiuutcs  the  water  has  ab- 
sorbed as  much  heat  as  raises  it  from  32°  to  212°,  an  increase  of  180°. 
Now,  if  it  be  left  boiling,  tbe  gas-flame  being  kept  ap  at  the  same  in- 
tensity, we  may  assume  that  iu  every  succeeding  tea  minutes  the  same 
qnantity  of  heat  is  being  absorbed  by  the  water.  But  it  gets  no  hotter; 
it  gradually  boils  away.  And  it  takes  nearly  an  hour,  or  more  than 
Bve  times  as  long  as  it  took  to  heat  it,  before  tbe  whole  of  the  water 
has  boiled  away,  siuce  alt  this  heat  has  been  used  up  in  converting  it 
into  steam.  It  was  by  an  experiment  of  this  kind  that  Dr.  Black  in 
the  last  century  discovered  the  fact  of  latent  heat,  and  determined  its 
aiuonnt ;  and  it  was  the  knowledge  of  this  fact  that  led  James  Watt  to 
biH  first  great  improvement  iu  the  steam-engine. 

Une  more  example  I  may  give,  which  tfao^e  whd  have  been  in  India 
will  l>e  able  to  appreciate,  and  which  those  who  intend  to  go  there  may 
M>me  day  find  useful  to  know.  Nothing  is  more  grateful  in  hot  dry 
weather  than  a  drink  of  cold  water.  Now,  ice  is  not  always  to  be  had, 
bat  when  a  Lot  wind  is  blowing  nothing  is  easier  thiiu  to  get  cold  water, 
if  you  have  a  pot  or  bottle  of  uuglazed  earthenware,  such  as  arc  for 
»ale  in  every  bazaar,  or  what  is  better,  a  leather  water-bottle,  called  a 
6'U«H}aI,  or  a  water-skiu.  All  these  allow  the  water  to  soak  through 
aud  keep  the  outside  wet,  and  if  any  one  of  Ihcm  be  Blled  with  water 
and  hung  up  iua  hot  wind  in  the  course  of  half  an  hour  or  an  hour  the 
evaporation  from  tbe  outside  will  have  taken  away  so  much  beat  that 
Uieeontents  may  be  cooled  2(1^  or  30°,  notwithstanding  that  the  tlier- 
motneter  may  stand  at  110°  or  tl5^  iu  the  shade.  Sodawater  may  be 
cuoletl  in  the  same  way  if  wra|»ped  in  straw  and  kept  well  wetted  widle 
exposed  to  the  wind.  But  it  is  of  little  use  to  do  as  1  have  seen  natives 
do  eoiuetimes,  viz,  put  the  bottles  into  a  tub  of  water  iu  a  closed  room. 
U  id  the  evaiKiratiou  that  carries  off  the  heat,  otherwise  the  water  is 
DO  cooler  than  the  air  around. 

How  to  return  to  our  subject.  The  atmospherealways  contains  some 
vapor  which  the  winds  have  taken  up  from  the  ocean,  lakes,  rivers,  nnd 
even  from  tbe  land,  for  there  are  but  few  regions  so  dry  and  devoid  of 
vegetation  that  there  is  no  moisture  to  evaporate.  The  quantity  of 
water  thus  evajtorated  from  large  water  surfaces  is  a  question  of  some 
importance  to  engineerg,  who  have  to  take  account  of  the  loss  from 
naervoirs  and  irrii^ation  tanks,  and  a  good  deal  of  attention  has  been 
H,  Mis.  2'U li) 
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jriveu  to  meaBure  the  amouut  lost  by  evaporatioD.  Iti  Bn^laod  it  has 
been  fouud  to  vary  in  dififereiit  years  from  17  to  27  Incbes  in  tbe  yew, 
or  to  say  from  IJ  to  2^  incbes  i>er  montb  on  an  average.  Now,  since 
in  the  east  of  England  tbe  rainfall  is  only  aboat  24  inches  in  the  year, 
it  follows  that  in  that  part  of  the  Kingdom  tbe  loss  by  evaporation 
from  a  water  snrface  is  not  very  much  less  than  the  rain  falling  directly 
ou  tbe  sarfftce. 

Ill  dry  coantries  tbe  evaiwration  may  exceed  the  local  rain-fall.  In 
tbe  tropics  it  has  been  fouud  to  average  from  3j  to  6  inches  per  month 
in  the  dry  season.  In  tbe  case  of  a  large  tank  at  Nagpur,  coDStructed 
to  supply  the  city  with  wat«r,  it  was  found  that  the  loss  by  evaporation 
in  tbe  hottest  and  dryest  weather  was  two  and  a  half  times  as  great 
as  the  quantity  supplied  for  consumption. 

These  statistics  will  give  some  idea  of  the  enormoas  evaporation  that 
goes  on  from  the  water  surfaces  of  the  globe,  and  to  this  must  be  added 
all  that  takes  place  from  the  laud.  lu  tbe  case  of  light  showers ncarly 
tbe  whole  of  the  rain  is  re  evaporated,  and  probably  ou  an  average  bair 
of  the  total  rain-fall  on  the  land  is  thus  lost  sooner  or  later,  leavinguot 
more  than  half  for  the  supply  of  spriugs  and  rivers. 

Tbe  quantity  of  vapor  iu  the  air  is  very  variable.  To  us,  in  Englanil, 
the  west  and  southwest  winds  are  tbe  dampest,  comiug  direct  irom  Itiv 
Atlantic,  and  northeast  winds  are  the  driest.  The  cause  of  their  ex- 
treme dryness  I  shall  endeavor  to  explain  presently.  It  is  no  doubt 
partly  due  to  the  fact  that  they  reach  us  from  the  land  surfaceofEnroiX', 
but  partly  also  to  another  cause  to  which  I  shall  have  to  advert  later  on. 

TLe  quantity  of  vapor  in  the  air  is  usually  ascertained  by  the  hygrom- 
eter, the  ordiuary  form  of  which  is  a  pair  of  thermometers,  one  hav- 
ing the  bulb  wet,  the  other  dry,  and  observing  the  depression  of  the 
wet  bulb.  The  principle  of  this  I  have  already  explained.  But  the 
same  thing  may  be  ascertained  more  directly  by  passing  a  measured 
quantity  of  air  through  a  light  apparatus  containing  sulphuric  acid,  or 
some  other  substance  that  absorbs  water  vajK>r  greedily,  and  weigL- 
iug  the  whole  before  and  afterwards.  The  ioorease  of  the  secoud 
weigbment  gives  the  weight  of  water  absorbed.  By  such  means  it  hus 
been  ascertained  that  air  at  6(P  cau  contain  as  mucfa  as  5|  grains  of 
vapor  in  each  cubic  foot,  and  that  air  at  80°  can  contain  rather  less 
thau  11  grains  in  the  same  space.  The  quantity  that  air  can  bold  in- 
creases therefore  very  rapidly  with  the  temperature.  But  it  is  seldom 
that  it  contains  this  maximum  amount,  especially  at  tbe  higher  teiu- 
peraturea. 

In  order  to  condense  any  part  of  this  vat>or  we  must  take  awaits 
latent  heat.  It  is  not  sufficient  merely  to  cool  it  till  it  reaches  the  tem- 
perature of  condensation,  but  we  have  fnrther  to  abstract  5J  times  as 
much  heat  as  would  raise  the  condensed  water  from  the  freezing  to  tbe 
boiling  point.  Before  however  proceeding  to  cousider  how  this  cool- 
ing is  effected,  the  question  arises,  What  is  the  condensinffmint  1    For 
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obrioualy,  sinve  water  can  evaporate  at  all  temjieratureB,  bo  we  should 
expect  that  it  may  condense  at  all  tenjperataren.  Ou  what  then  does 
tbe  condeoaing  poiut  dei>eDd  f 

I  mentioned  jnst  now  that  air  at  the  temperatnre  of  60°  can  contain 
88 much  aa  5J  grains  of  vapor,  and  at  8(P  rather  less  than  11  grains  in 
each  cubic  foot.  Obviously  then  if  air  at  80°,  containing  this  maxi- 
imam  qnantity,  be  cooled  (0  60°,  it  mast  get  rid  of  more  than  5  grains, 
or  nearly  half  its  vapor,  aud  this  excess  must  be  condensed.  1  speak 
of  air  containing  tbeae  quantities,  but  in  point  of  fact  it  makes  no  ap- 
jireci  able  difference  whether  air  be  presenter  not.  An  exhausted  glass 
ressel  of  one  cubic  foot  capacity  can  hold  5J  grains  of  vapor  at  60°  and 
DO  more,  and  nearly  IL  grains  at  80°  aud  no  more;  and  if,  when  thus 
cbarged  at  80°,  its  contents  be  cooled  to  00°,  more  than  6  grains  will 
be  condensed.  If  however  it  contain  only  Sj  grains  at  80°,  none  will 
condense  until  tbe  temperature  falls  to  60°,  but  auy  further  cooling 
prodnces  some  condensation.  Thus  then  the  condelsing  pointdeppnds 
on  tbe  quantity  of  vapor  present  in  tbe  air,  and  is  the  temperature  at 
which  this  quantity  is  the  maximum  possible  for  that  temperature. 

This  preliminary  point  being  explained,  we  may  now  proceed  to  in- 
quire what  means  Xatnre  employs  to  condense  the  vapor  in  the  air, 
producing  »t  one  time  dew  and  hoar-frost,  at  another  time  fog  and 
clond,  and  at  another,  rain,  hail,  and  snow. 

Let  ns  take  the  case  of  dew  and  hoar-frost  first,  as  tbey  are  compara- 
tively simple.  And  in  connection  therewith  I  may  relate  a  little  inci- 
dent that  took  place  at  Calcutta  some  years  ago.  A  gentleman,  who 
had  not  much  acquaintance  with  physical  science,  was  sitting  one  even- 
ing with  a  glass  of  iced  brandy  and  water  before  him.  It  was  in  the 
rainy  season,  when  the  air,  tbongh  warm,  is  very  damp,  and  he  had  a 
Urge  lump  of  ice  in  his  tumbler.  On  taking  it  up,  be  noticed  to  his 
aarprise  that  the  glass  was  wet  on  the  outside,  and  was  standing  in 
■Iiiite  a  little  pool  of  water  on  the  table.  At  first  he  thought  bis  tnm- 
bier  was  cracked,  but  putting  bis  finger  to  bis  tongne  be  found  the  fluid 
tasteless.  "  Very  odd,"  be  remarked ;  "  the  water  comes  tbrongh  the 
^ass  but  the  brandy  doesn't." 

Now  however,  with  our  present  knowledge,  we  may  be  inclined  to 
Bmile  at  the  simplicity  of  this  remark,  it  so  happens  that  up  to  tbe  end 
of  the  last  century  very  much  the  same  explanation  was  popularly  held 
to  account  for  dew.  It  was  supposed  to  be  a  kind  of  perspiration  emit- 
ted fh>m  the  earth,  and  no  satisfactory  csplanation  of  the  phenomenon 
had  been  arrived  at  by  the  physical  philosophers  of  the  day.  It  re- 
mained for  Dr<  Wells  to  prove,  by  a  long  series  of  observations  and 
experiments,  which  have  been  qnoted  by  Sir  John  Herscbel  and  Mr. 
Joiin  Stewart  Mill  as  a  typical  instance  of  philosophical  inquiry,  that 
tbe  cold  surface  of  grass  and  shrubs  condenses  tbe  vapor  previously 
held  in  suspension  in  the  air,  these  surfaces  being  cooler  than  the  air, 
ud  below  its  point  of  uondensatiou.     Aud  such  of  course  is  also  the 
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case  of  the  glass  tumbler  coDtaiujug  ice.  Any  one  may  try  tlie  experi- 
ment for  himaelf.  To  produce  hoar-frost,  it  is  only  necessary  to  gooI 
the  condensing  surface  below  the  freezing  point,  which  may  be  done  by 
crushiug  some  ice  and  mixing  it  with  salt.  A  tin  pot  is  better  than  a 
glass  to  make  this  experiment. 

When  not  only  the  ground,  but  alao  the  air  to  a  considerable  height 
above  ir,  is  cooled  in  like  manner,  we  have  the  production  of  fog,  fog 
being  the  form  in  which  the  vapor  is  first  condensed,  and  consisting  of 
water  in  drops  too  minute  to  be  separately  visible.  The  formation  of 
fog  is  very  much  aided  if  the  air  be  laden  with  smoke.  Smoke  consisbi 
of  extremely  minute  particles  of  uuburnt  coal  or  other  fuel,  and  these 
cool  faster  than  the  air  at  night,  and  so  cool  the  air  in  contact  with 
tbem.  Each  one  of  them,  too,  condenses  wat^r  on  its  surface,  and 
being  thus  weighted  they  sink-  and  form  that  dense  fog  that  Londoners 
know  so  well. 

Clouds  are  esseatially  the  same  as  fog,  but  formed  high  up  in  the  air. 
But  in  their  case,  and  that  of  rain,  snow,  and  hail,  another  and  difier- 
eut  cooling  agency  comes  into  play,  aud  this  will  rel]nire  some  prelimi- 
nary explanation. 

I  dare  say  that  some  of  you  may  at  some  time  or  other  have  charged 
an  air-gun.  And  if  so,  you  will  be  aware  that  when  so  charged  the 
reservoir  becomes  pretty  warm.  Now  this  heat  is  produced,  not,  as 
might  be  supposed,  by  the  friction  of  the  piston  in  charging,  but  is  dae 
to  the  fact  that  work  has  been  done  upon  the  air  by  compressing  it  into 
a  very  small  space ;  in  other  words,  work  has  been  converted  into  heat. 
If  the  compressed  air  be  allowed  to  escape  at  once,  its  boat  is  recoo- 
verted  into  work.  It  bas  to  make  room  for  itself  by  thrusting  aside 
the  atmosphere  into  which  it  escapes,  and  when  thus  expanded  it  is  no 
warmer  than  before  it  was  compressed.  Indeed,  not  so  warm,  for  it 
will  already  have  {larteti  with  some  of  its  heat  to  the  metal  chamber 
which  contained  it.  And  if  when  compressed  it  is  allowed  to  cool  down 
to  the  ordinary  temperature,  and  then  to  escape,  it  will  be  cooled  below 
that  temperature  just  as  much  as  it  was  heated  by  compression.  Thus, 
if  in  being  compressed  it  had  been  heated  100°,  say  (ivm  60°  to  l&P, 
and  then  allowed  to  cool  to  60°,  on  escaping  it  will  be  cooled  100°  below 
60°,  or  to  iO°  below  zero,  which  is  the  temperature  at  which  moroory 
freezes.  This  is  tke  principle  of  the  cold  air  chambers  now  so  exten- 
sively employed  on  ship-board  for  the  transport  of  frozen  provisions 
from  New  Zealand  and  Australia. 

Bearing  in  mind,  then,  this  fact — that  air  in  expanding  and  driving 
aside  the  air  into  which  it  expands  is  always  cooled, — let  us  see  how  this 
applies  to  the  case  before  us,  the  production  ot  cloud  and  rain. 

The  volume  of  a  given  weight  of  air — in  other  words,  the  space  it  oc- 
cupies—depends  on  the  pressure  to  which  it  is  subject;  the  less  this 
pressure  lUe  greater  its  volume.  If  we  suppose  the  atmosphere  divided 
into  a  number  of  layers  superimposed  on  each  other,  the  bottom  layer 
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is  clearly  satyect  to  the  pressure  of  all  those  thnt  rest  on  it.  This  is 
eqna[  to  about  14^  pouuds  on  every  square  iiicb  of  surface.  Another 
layer,  say  1,000  feet  above  the  ground,  will  clearly  be  under  a  less  press- 
ure, since  1,000  feet  of  air  are  below  it;  aud  this  1,000  feet  of  air  weighs 
Hiightlylexs  thau  half  a  pound  for  every  square  inch  of  liorizoutal  surface. 
At2,000  feet  the  pressure  will  be  less  by  nearly  1  pound  per  square  iuch, 
aud  so  on.  If,  then,  any  inas:i  of  air  begios  to  ascend  through  tbe  at- 
mosphere it  will  be  continnally  subject  to  less  and  less  pressure  as  it 
ascends,  and  therefore,  as  we  have  already  seen,  it  expands  and  becomes 
cooler  by  espansion.  Cooling  from  this  cause  is  termed  dynamic  cool- 
ing. Ite  rate  may  be  accurately  computed  from  the  work  it  has  to  do 
in  eipanding. 

It  amounts  to  l^^  for  every  183  feet  of  ascent  if  tbe  air  be  dry  or  free 
from  vaiKtr,  and  if,  as  is  always  the  case,  it  contains  some  vapor,  the 
height  will  not  be  very  much  greater  no  long  as  tbere  is  no  condeosa- 
tiou.  But  so  soon  as  this  point  is  passed,  and  the  v^)or  begins  to  con- 
dense as  cloud,  tbe  latent  heat  set  frt'e  retards  the  cooling,- and  the 
beight  through  which  this  cloud-laden  air  must  ascend  to  cool  1°  is 
eoDsiderably  greater  and  varies  with  the  temperature  and  pressure. 
When  the  barometer  stands  at  30  inches,  and  at  the  temperature  of 
freezing,  tbe  air  must  rise  277  feet  to  lose  1°,  and  if  tbe  temperature  is 
W>  nearly  400  feet. 

Couversely,  dry  air  descending  through  the  atmosphere  and  becoming 
<lenaer  as  it  descends,  since  it  is  continually  becoming  subject  to  an  in- 
creased pressure,  is  heated  1°  for  every  183  feet  of  descent ;  and  fog 
and  cloud-laden  air  at  30  inches  of  pressure  and  th^  freezing  point  will 
be  warmMl  l'^  in  277  feet  only,  or  if  at  60^  nearly  400  feet  of  descent, 
owing  to  the  re-evaporation  of  tbe  fog  or  cloud  and  the  absorption  of 
latent  heat. 

Hot,  let  us  see  how  these  facts  explain  the  formation  of  cloud,  and 
first  I  will  take  the  case  of  the  common  cumulus  or  heap-cloud,  which 
ia  tbe  commonest  cloud  of  tlie  day-time  in  tine  weather. 

When  after  snurise  tbe  air  begins  to  bo  warmed,  the  lowest  stratum 
of  the  atmosphere,  which  rests  immediately  on  the  ground,  is  warmed 
tDore  rapidly  than  the  higher  strata.  This  is  because  the  greater  part 
of  the  8un*H  beat  piMses  freely  through  a  clear  atmosphere  without 
vanning  it,  and  is  absorbed  by  the  ground,  which  gives  it  out  again  to 
the  ait  immediately  in  contact  with  it.  So  soon  as  the  vertical  decrease 
of  temperature  exceeds  1*^  in  183  feet  the  warm  air  below  begins  to  as- 
ceud,aod  the  cooler  air  above  to  descend,  and  this  interchange  gradu- 
ally extends  higher  and  higher,  the  ascending  air  being  gradually 
cooled  by  expansion,  and  ceasing  to  rise  when  it  has  fallen  to  the  same 
temperature  as  the  air  around  it.  This  ascending  air  is  more  highly 
charged  with  vapor  thau  that  which  descends  to  replace  it,  since,  as 
vaa  mentioned  before,  most  land  surfaces  furnish  a  large  amount  of 
moisture,  which  eva[>orates  when  they  are  heated  by  tbe  siin.    This 
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proccRS  goofl  on  nntil  Bome  portion  of  tlie  ftscpnding  air  has  become 
cooled  to  tbe  {toiiit  of  condeiiHatiou.  No  sooaer  does  it  attain  this  tban 
a  small  tuft  of  cumaluH  cloud  ap{)ears  on  the  top  of  the  asoeodiiig  cur- 
rent, and  the  movement  which  was  inviaible  before  uow  becomes  visi- 
ble. In  a  calm  atmosphere  each  tuft  of  cload  has  a  flat  base,  which 
marks  the  height  at  which  condentiation  begins,  bnt  it  is  really  only 
the  top  of  an  ascending  column  of  air.  No  sooner  is  this  cload  formed 
tban  tbe  ascent  becomes  more  rapid,  because  the  cooling  which  checked 
itR  further  ascent  now  takes  place  at  a  ranch  slower  rate,  and  therefora 
the  cloud  grows  rapidly, 

On  a  summer  afternoon  when  the  air  is  warm  and  very  damp  sach 
cumulus  cloud  ascends  sometimes  to  very  great  heights  and  develops 
into  a  tbnnder-clond,  condensing  into  rain,  ^ain  differs  fr'im  fog  and 
cloud  only  in  the  sizeof  the  water  drops.  In  fog  and  cloud  these  are  so 
minute  that  they  remain  suspended  in  tbe  air.  But  as  tbe  clood  be- 
-  comes  denser  »  number  of  them  coalesce  to  form  n  rain-drop,  which  is 
large  enough  to  overcome  the  friction  of  tlieair.  It  then  begins  to  fall, 
and  having  to  traverse  an  enormous  thickness  of  cloud  below  it  grows 
larger  and  larger  by  taking  up  more  and  more  of  the  cloud  corpnacnles, 
so  that  when  fiually  it  fails  helow  the  cloud  it  may  have  a  contiiderable 
size. 

Such  then  is  the  mode  in  which  rain  is  formed  in  an  ordinary  snm- 
mer  shower;  and  the  more  prolonged  rain-fall  of  stormy  wet  weather  is 
tbe  result  of  a  similar  process,  viz,  the  ascent  and  dyoainic  cooling  of 
the  moist  atmosphere.  But  in  this  case  the  movement  is  on  a  far  lar^r 
scale,  being  shared  by  tbe  whole  mass  of  the  atmosphere,  it  may  be, 
over  band  reds  or  thousands  of  square  miles;  and  to  understand  this 
movement  we  shall  have  to  travel  somewhat  farther  afield,  and  to  in- 
quire into  the  general  circulation  of  the  great  atmospheric  currents  set 
in  movement  by  tbe  sun's  action  in  tbe  tropics,  and  modified  by  tbe 
earth's  diurnal  rotation  and  tbe  distribution  of  the  contioents  and 
oceans  on  its  surface. 

Before  however  entering  on  this  sabject,  which  will  reqaire  some 
preliminary  explunation,  and  in  which  we  shall  have  to  take  acconnt 
both  of  ascending  and  descending  currents  on  a  large  scale,  I  will 
draw  your  attention  to  another  and  simpler  case,  in  which  both  these 
classes  of  movements  are  prominently  illustrated,  and  in  which  they 
exhibit  their  characteristic  features  in  a  very  striking  manner. 

In  the  valleys  of  the  Alps,  more  especially  those  to  the  north  of  tlie 
central  chain,  in  Switzerland  and  the  Tyrol,  there  blows  flrom  time  to 
time  a  strong,  warm,  dry  wind,  known  as  tbe  Fobn.  It  blows  down  the 
valleys  from  the  central  chain,  melting  the  snows  on  its  northern  face, 
and  although  there  is  more  or  less  clear  sky  overhead,  all  tbe  southern 
slopes  of  the  mountains  are  thickly  clouded,  and  heavy  rain  falls  on 
the  lower  spurs  and  the  adjacent  plain,  replaced  by  snow  at  tbe  higher 
levels  up  to  the  passes  and  tbe  crest  of  tbe  range.    Cloudy  weather  also 
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prevails  to  the  north  in  Germany,  and  the  weather  is  stormy  over  some 
part  of  western  Europe, 

It  is  only  sioce  the  general  introduction  of  telegraphic  weather  re- 
ports and  the  construction  of  daily  weather  charts,  have  enabled  us  to 
takeageoemlsurvey  of  the  simultaneous  movements  of  the  atmosphere 
over  the  gruater  portion  of  Europe,  that  this  Fiilio  wind  has  been  satia- 
fitchtrily  explained.*  It  is  fooud  that  when  a  Fohn  wind  blows  on  the 
DOTth  of  the  Alps,  the  barometer  is  low  somewhere  to  the  north  or 
northwest  in  Germany,  northern  France,  or  the  British  Isles,  and 
liigh  to  the  southeast  in  the  direction  of  Greece  and  the  eastern  Med- 
ilerranean.  Under  these  circumstances,  since  the  winds  always  blow 
rrom  a  place  of  high  barometer  to  one  of  low  barometer,  a  strong  south- 
erly wind  blows  across  the  Alps.  On  their  southern  face  it  is  forced  to 
awend,  and  therefore,  as  just  explained,  it  is  cooled  and  gives  rain  in 
Lombardy  and  Venetia,  and  snow  at  higher  elevations.  Itut  having 
reached  the  crest  of  the  mountains,  it  descends  to  the  northern  valleys, 
and  being  by  this  time  deprived  of  a  large  part  of  its  vapor,  it  becomes 
farmed  in  its  de-scent,  owing  to  compression,  absorbs  and  re-evaporates 
the  cloud  carried  with  it,  and  is  then  further  warmed  .it  the  rate  of  1° 
for  every  183  feet  of  descent.  Thus  it  reaches  the  lower  levels  as  a 
varm,  dry  wind,  its  warmth  being  the  effect  of  dynamic  beating. 

Other  mountain  chains  afford  examples  of  the  same 'phenomenon.  A 
very  striking  instance,  which  much  impressed  me  at  the  time,  is  one 
that  I  witnessed  many  years  ago  in  the  monutaina  of  Ceylon  ;  and  it 
WHS  afternanls  meutioned  to  me  by  Sir  Samuel  Baker,  who  bud  been 
equally  struck  by  it.  My  own  experience  is  as  follows :  In  June,  1861, 
1  paid  a  week's  visit  to  the  hill  sanitarium  of  Xewara  Eliya,  at  an  ele- 
vation of  6,200  feet,  on  the  western  face  of  Pedro  Talle  Galle,  the  high- 
est mountain  in  the  island.  The  southAvest  monsoon  waa  blowing 
Hteadily  on  this  face  of  the  range;  and  during  the  whole  time  of  my 
stay  it  raineil  (as  far  as  1  am  aware)  without  an  hour's  intermission,  and 
a  deuse  canopy  of  cloud  enveloped  the  hill  face,  and  never  lifted  more 
tban  a  few  hundred  feet  above  the  little  valley  in  which  Newara  Eliya 
a  built.  But  on  leaving  the  station  by  the  eastern  road  that  leads 
KToes  the  crest  ofthe  range  to  Badulla,  at  a'distance  of  5  miles  one 
reaches  the  col  or  dip  in  the  ridge  near  Hackgalle,  and  thence  the  road 
•letceods  some  2,000  feet  to  a  lower  table-lan<l  which  stretches  away 
many  miles  to  the  east.  No  sooner  is  this  point  passed  than  all  rain 
ceaaes  and  clouds  disappear,  and  one  looks  down  on  the  rolling  grassy 
bills  bathed  in  the  sunshine  of  a  tropical  sun,  ami  swept  by  the  dry 
"egtcrly  wind  that  descends  from  the  moantain  ridge.  In  little  more 
tban  a  mile  one  passes  from  day-long  and  wcek-totig  cloud  and  rain  to 
coDBtant  sunshine  and  a  cloudless  sky. 

As  an  almost  invariable  rule,  or  at  least  one  with  few  exceptions, 
Mcending  air-currents  are  those  that  form  cloud  and  rain,  and  descend- 
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iuf!  currents  arc  ilry  aad  bring  fine  weatber.  AimI  tbia  holds  ^ood 
wbiitever  loay  be  tlie  immediate  caiiHe  of  these  moTementa.  We  may 
now  proceed  to  coiisider  these  greater  examples  to  which  I  have  already 
refcfre<l. 

Ill  tbe  great  workshop  of  nature,  in  so  far  at  least  as  concerns  onr 
earth,  with  bat  few  exceptions,  all  movement  and  all  change,  even  the 
movements  and  energies  of  living  things,  proceed  either  directly  or 
indirectly  from  the  action  of  the  sun.  Nowliere  is  this  action  more 
direct  and  more  strikingly  manifested  than  in  the  movementa  of  the 
atmosphere.  Were  the  snu  entinguished,  and  to  become,  a»  perhaps 
It  may  Iwcoinc  long  ages  hence,  »  solid  cold  sphere,  sncb  as  ByroD  iin- 
agiuet),  "  wandering  darkling  in  eternal  8pace,''a  few  days  wonld  saffioe 
tn  convert  our  mobile  and  ever-varying  atmosphere  into  a  stagnant 
pall,  devoid  of  vapor,  resting  quiescent  on  a  lifeless  earth,  lield  bound 
in  a  more  than  Arctic  frost.  From  sucb  a  consummation,  despite  tbe 
supposiHl  decaying  energy  of  our  sun,  we  may  however  entertoiu  a 
reasonable  ho[ie  that  we  are  yet  far  distant. 

Beai'ing  in  mind  tbe  all-embracing  importance  of  tbe  sun,  let  us  see 
bow  tbe  great  movements  of  the  atmosphere  are  determined  by  tbe  way 
in  which  tbe  eartU  presents  its  surface  to  the  solar  rays. 

Since  the  quantity  of  solar  heat  received  on  each  part  of  the  earth's 
surface  depends  on  tbe  directness  or  obbquity  of  bis  rays — in  other 
words,  ou  tbe  height  to  which  the  sun  ascends  in  the  heavens  at  noon — 
being  greatest  where  he  is  directly  overhead,  as  in  summer  in  the  trop- 
ics, it  follows  that  the  hottest  zone  of  tbe  earth  is  tbatiu  the  immediate 
neighborhood  of  the  equator,  and  the  coldest  those  aronud  the  irales. 

Did  tune  allow,  and  were  the  ne<;essary  appbances  at  hand,  it  would 
l>e  easy  to  show  you  that  both  as  a  matter  of  experiment,  and  also  as  a 
deducti<Hi  from  physical  laws,  there  must  be  under  such  ciroumstances 
a  dow  of  air  from  the  colderto  tiie  warmer  region  in  the  lower  atmos- 
phere, and  a  return  current  above.  And  to  a  certain  extent  we  have 
these  constant  winds  prevailiug  for  about  30°  on  either  side  of  the 
equator  in  the  trade-winds,  which  blow  towards  the  equator  in  tbe  lower 
ntmospbere,  and  tbe  anti-trades  blowing  in  the  opirasite  direction  at  a 
gre:kt  height  above  the  earth's  surface. 

Ill  the  neighborhood  of  the  equator  there  is  a  zone  extending  right 
round  the  earlh  in  which  the  barometer  is  lower  than  either  to  the  north 
or  tbe  south.  Jt  is  due  to  the  greater  beat  of  the  sun,  and  it  is  towards 
this  that  tbe  trade- winds  blow.  It  shifts  to  some  extent  with  the  seasons, 
being  more  northerly  in  tbe  summer  of  the  northern  hemisphere,  and 
more  southerly  in  that  of  tbe  southern  liemisphere;  and  its  average 
position  is  rather  to  the  north  of  tbe  equator,  owing  to  the  fact  that 
there  is  more  laud  iu  the  uortheru  than  in  the  southeru  hemisphere, and 
that  land  is  more  heated  by  the  sun  than  the  ocean. 

This  simple  wind  system  of  the  trades  and  anti-trades  does  notestend 
right  round  tbe  earlh,  nor  beyond  30°  or40Oof  latitude  in  eitberbemi- 
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Rphere.  Were  tbc  eartb's  surraiK;  uuilunnly  land  or  uniformly  water, 
there  probably  voald  be  a  system  of  trado-winils  all  round  tbe  globe, 
bloiriDg  from  botb  bemispberea  towards  tlie  eqaator;  bat  even  in  that 
case  tbey  would  not  extend  much,  if  at  all,  beyond  their  present  limits. 
In  tbe  first  place,  every  great  mass  of  land  setM  up  an  independent  sys- 
tem of  air  tiirrentfi,  since  the  land  is  hotter  than  tbe  ocean  in  the  sum- 
mer ami  colder  in  the  winter.  In  the  summer,  therefore,  there  is  a 
tendency  to  an  indraught  of  air  from  the  sea  to  the  land  in  tbe  lower 
ittmospbere,  and  an  ontfiow  above,  and  in  tbe  winter  tbe  opposite;  and 
this  tendency  inodiflea  or  interrupts  tbe  system  of  the  trades  and  anti- 
trades. We  have  this  tendency  sbown  most  distinctly  in  the  monsoons 
of  sontbeasterii  Attia,  where,  lioth  in  the  India  and  CUiiiaseas,  a  south- 
next  wind  in  the  summer  takes  the  place  wliich  in  the  absence  of  the 
Asiatic  continent  would  be  held  by  a  northeattt  tradewiiid.  And  it  is 
oDiy  in  tbe  winter  that  a  uortheant  wind  blows,  and  this  is  then  termed 
tbe  northeast  monsoon. 

Id  the  second  place,  as  I  have  said,  the  system  of  trade-winds  could 
not  in  aoy  case  extend  far  beyond  their  present  limits  in  latitude,  owing 
to  the  fact  that  the  earth  is  a  sphere  and  not  a  cylinder.  Let  ns  fix  our 
attention  for  a  moment  on  the  anti-trades — the  upper  winds  which  blow 
from  the  equator  towards  tbe  poles.  The  equator,  from  which  they 
Btart,  is  a  circle  about  24,900  milea  in  circumference;  the  poles  are  mere 
points,  and,  therefore,  the  whole  of  the  air  that  blows  towards  tbc  poles 
most  turn  back  in  any  case  before  it  roaches  tbe  pole,  and  must  begin 
to  tarn  back  before  it  has  gone  rery  far  on  its  journey.  And,  as  a  fact, 
a  great  part  of  it  does  turn  back  between  30*^  and  4(><^  of  latitude,  which 
1  have  already  meutioned  as  l>eing  the  limit  of  the  trade-winds.  A  part 
of  the  remainder  descends  to  the  earth's  surface,  and  sweeps  the  North- 
ern Atlantic  and  tbe  North  Pacific  as  a  southwest  wind. 

On  the  chart  which  represents  the  average  distribution  of  atmospheric 
preasnre  iu  January,  there  are  two  somewhat  interrupted  zones  of  high 
pressure  over  the  ocean  iu  these  latitudes.  These  mark  tbe  regions  in 
which  the  anti-trades  descend  to  the  earth's  surface,  and  from  which 
tbe  trade-winds  start.  Over  the  ocean  iu  all  higher  latitudes,  botb  in 
the  noitheru  and  southern  hemispheres,  the  barometer  is  low — for  the 
most  part,  indeed,  much  lower  than  over  the  equator;  and  the  region 
intervening  between  tbe  zones  of  high  pressure  and  the  seat  of  lowest 
pressure  ia  that  of  predominant  southwest,  or  at  all  events  westerly 
winds.  Since  our  islands  are  situated  on  the  border  of  this  region  of 
low  pressure,  southwest  are  our  prevailing  tfinds. 

Bnt  now  two  questions  arise :  First,  wliy  are  these  winds  westerly, 
Md  not  simply  south  winds  T  And  second,  how  is  it  that  the  barometer 
iH  80  low  over  tbe  North  Atlantic  and  North  Pacific  oceans,  and  also  in 
tbe  aoDtheni  hemisphere  in  high  latitudes,  seeing  that  in  these  latitudes, 
M  least  in  winter,  tbe  sun's  heat  is  so  much  less  than  at  tbe  tropics  t 
The  chart  represeats  the  state  of  things  in  midwinter  of  the  northern 
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hemiBphere,  and  yet  cverywliero  to  the  north  of  latitmle  40°  the  deep 
blue  tint  iudicateH  tliat  the  presanro  i»  lower  tUaii  urou  in  the  sontbern 
tropic,  where  the  sun  shines  vertically  overhead.  Clearly  this  lo« 
presiure  moHt  bo  due  to  some  other  cause  than  the  warmth  of  the  air. 

The  explanation  of  this  remarkable  distribution  of  tbe  atmospheric 
pressnre,  of  the  existence  of  two  zones  of  high  prensure  in  latitudes  30*^ 
to  40°,  and  of  very  low  presBure  in  higher  latitudes,  except  iu  ho  far 
as  they  are  modified  by  the  alteruations  of  land  and  water,  was  fimt 
given  by  the  American  physicist,  Professor  Ferrel.  Its  full  demonstra- 
tion is  to  be  obtained  only  from  the  consideration  of  somewhat  recondite 
niecbauical  lawR,  but  a  general  idea  of  tbe  causes  operating  may  be 
gathered  from  very  simple  considerations,  which  may  be  demonstrated 
with  a  terrestrial  globe. 

Starting  with  the  well-known  fact  that  the  earth  revolves  on  its  axis 
once  in  the  twenty-four  hourii,  let  us  see  what  will  be  the  cousequeuce, 
if  we  suppose  a  mass  of  any  jranderablu  matter — that  is,  any  subi'tauce 
having  weight,  no  matter  whether  light  or  heavy — to  be  suddenly  trans- 
ferred from  the  equator  to  latitude  60°. 

As  the  circumtereuce  of  the  earth  at  the  equator  is  about  24,900 
miles,  anybody  whatever,  apparently  at  rest  at  the  equator,  is  carried 
round  the  earth's  axis  at  the  rate  of  ],036  miles  an  hour.  But  in  lati- 
tude OOo,  where  the  distance  from  the  axis  is  only  half  as  great  as  at 
the  equator,  it  is  carried  round  at  only  half  the  same  rate,  or  518  miles 
an  hour;  and  at  the  pole  it  simply  turns  ronnd  on  its  own  axis.  Sup- 
posing, then,  a  mass  of  air  to  be  suddenly  transferred  from  the  equator 
to  latitude  60'^,  with  the  eastwanl  movement  that  it  had  at  the  equator, 
it  would  be  moving  twice  as  fast  to  the  east  as  that  part  of  tbe  earth, 
and,  to  any  person  standing  on  the  earth,  would  he  blowing  Item  the 
west  with  a  force  far  exceeding  that  of  a  hurricane.  It  would  be  mov- 
ing eastwards  51S  miles  an  hour  faster  than  the  earth.  Indeed,  its 
movement  would  really  be  far  greater  than  this.  In  virtue  of  a  me- 
chanical  principle  known  as  the  law  of  the  conservation  of  areas,  which 
means  that  anybody  revolving  round  a  central  point,  under  the  infiu- 
ence  of  a  force  that  pulls  it  towards  that  point,  describes  equal  areas  in 
equal  times,  instead  of  only  51S  miles,  it  would  be  I'evolving  ronnd  the 
earth's  axis  1,554  miles  an  hour  faster  than  that  part  of  the  earth.  I 
need  not,  however,  specially  insist  on  this  point,  because,  as  a  raatt«r 
of  fact,  the  air  which  constitutes  the  anti-trades  is  not  suddenly  traos- 
ferreil,  hut  takes  a  day  or  two  to  perform  its  journey,  and  in  the  mean- 
time by  far  the  greater  part  of  its  eastward  movement  is  lost  by  friction 
against  the  trade-wind  which  blows  in  the  opposite  direction  under- 
neath it.  The  point  on  which  we  have  to  fix  our  attention,  is  that  when 
the  auti-trades  descend  to  earth,  they  still  retain  some  of  tbeir  east- 
ward movement,  and  blow,  not  as  south,  but  as  sooth-west  or  west- 
southwest  winds. 

On  tbe  other  hand,  the  trade-wind,  which  blows  towards  tbe  equator, 
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is  coming  from  a  latitude  where  tlie  eastward  movement  is  less  tbaii 
at  the  equator,  aud  its  own  movement  eastward  is  therefore  less  than 
that  of  the  surface  over  which  it  blows,  A  person,  therefore,  ataodiug 
on  the  earth,  is  carried  eastward  faster  than  the  air  is  moving,  aud  the 
wind  seems  to  blow  against  him  from  the  northeast.  Similarly,  to  the 
Mdtb  oftheeqaator,  the  trade- wind,  instead  of  blowingfrom  the  south, 
comes  from  the  southeast. 

Thus  then  we  have  in  both  hemisphereii  a  system  of  westerly  winds 
in  all  higher  latitudes  than  4(P,  and  asystdm  of  easterly  winds — viz., 
the  trade- winds — between  about  30°  and  the  equator ;  and  if  the  globe 
Tpre  either  all  land  or  all  water,  these  systems  would  prevail  right 
roond  the  earth. 

Now,  it  is  the  pressure  of  these  winds,  under  the  influence  of  centrif- 
ugal force,  that  causes  the  two  zones  of  high  barometer  in  latitudes  30° 
Eo40°,and  the  very  low  pressure  in  higher  latitudes.  Itis  notdifftcnlt 
U  auderstaod  bow  this  comes  about.  You  are  probably  aware  that  the 
earth  is  not  an  exact  sphere,  but  what  is  termed  an  oblate  spheroid — 
that  is,  it  is  sligbtlj  flattened  at  the  poles  and  protuberant  at  the  equa- 
tor, the  difference  of  the  equatorial  aud  polar  diameters  being  about  2C 
wiles.  It  has  acquired  this  form  in  virtue  of  its  rotation  on  its  aiis.  If 
yoQ  whirl  a  stone  iu  a  sling,  the  stone  has  a  tendency  to  fly  off  at  a  tan- 
gent, and  so  long  as  it  is  retained  in  the  sling  that  tendency  is  resisted 
by  the  tension  of  the  cord.  In  the  sarue  way,  every  object  resting  on 
the  earth,  and  the  substance  of  the  earth  itself,  has  a  tendency  to  fly 
offat  a  tangent,  iu  consequence  of  its  rotation  on  its  axis,  and  this 
tendency  is  resisted  and  overcome  by  gravity.  Were  the  earth  not  re- 
volving, its  form  under  the  influence  of  gravity  alone  would  be  a  true 
sphere.  If  it  were  to  revolve  more  rapidly  than  at  preseut,  it  would  be 
still  more  oblate,  flatter  at  the  poles,  and  more  bulging  in  the  tropical 
atiw;  iflesa  rapidly, the  flatteuiugand  bnlgingwould  be  leas. 

This  is  precisely  what  happens  with  the  west  and  east  winds  of  which 
we  have  spoken.  West  winds  are  revolving  faster  than  the  earth,  and 
tend  to  make  the  atmosphere  more  protuberant  at  the  equator  than  the 
Bohd  earth ;  hence  they  press  towanls  the  etjuator,  to  the  right  of  their 
path  in  the  northern  hemisphere,  and  the  tendency  increases  rapidly  iu 
high  latitudes.  Easterly  winds,  on  the  other  band,  tend  to  render  the 
form  of  the  atmosphere  more  nearly  spherical,  and  they,  too,  press  to 
the  right  of  their  path  in  the  northern  hemisphere  or  towards  the  jiole. 
Id  the  southern  hemisphere,  for  the  same  reason,  both  press  to  the  left. 
The  result  of  these  two  pressures  in  opposite  directions  is  to  produce  the 
two  zones  of  high  barometer  in  the  latitudes  in  which  we  find  them — 
viz,  between  the  easterly  trade- winds  and  the  westerly  winds,  which  are 
the  anti-trades  that  have  descended  to  the  earth's  surface.  And  the 
low  barometer  of  higher  latitudes  is  produced  iu  like  manner  by  the 
westerly  winds  pressing  away  from  those  regions. 

Thog  then  we  find  that  all  this  system  of  winds,  and  the  resulting 
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distribiitton  or  ntmospberi*;  pressare  ae  indicated  by  the  barometer  is 
tbe  result  of  tlie  snu'u  action  in  eqaatorial  regions.  It  is  this  that  gives 
tbe  motive  power  to  tbe  whole  system,  so  far  as  we  have  as  yet  traced 
it,  and  it  is  this  that  prodnces  those  great  inequalities  of  atmospheric 
pressure  that  I  have  so  far  described. 

It  remains  now  to  see  bow  storinn  nre  generated  by  these  westerly 
winds.  In  so  far  as  they  retain  any  soothing,  they  are  still  moving 
towards  the  pole  in  the  northern  hemisphere ;  that  is  to  say,  they  are 
advancing  from  all  sides  towards  a  mere  point.  Some  portion  of  them 
lunst  therefore  be  continually  taming  back  ae  tbe  circles  of  latitnde  be- 
cotne  smaller  and  smaller.  But  they  are  now  snrface-winds,  and  in 
order  so  to  return  they  must  rise  and  flow  back  as  an  upper  carrent 
This  they  do  by  forming  great  eddies,  or  air-whirls,  iu  the  center  of 
which  the  barometer  is  very  low,  and  over  which  the  air  sisceods,  and 
these  great  air-whirls  are  the  storms  of  the  t«mi)erate  zone  and  of  our 
latitudes.  It  is  the  ascent  and  dynamic  cooling  of  the  air  in  these  great 
eddies  that  cause  the  prolonged  rain-fall  of  wet  stormy  weather.  How 
the  edtlies  originate,  or  rather  what  particular  circumstance  canses  them 
to  originate  in  one  place  rather  than  another,  we  can  scarcely  say,  any 
more  than  we  can  say  how  each  eddy  originates  in  a  rapidly- flowing 
deep  river.  Some  very  small  inequality  of  pressure  probably  starts 
them,  bnt  wbeu  once  formed,  they  often  last  for  many  days,  and  travel 
some  thousands  of  miles  over  the  earth's  snrface. 

Two  such  storms  are  represented  on  tbe  charts  of  Febraarj  1  and  2, 
1883,  one  on  the  coast  of  Labrador,  the  other  to  the  southwest  of  the 
British  Isles.  The  first  of  these  appears  on  the  chart  of  January'  28,  in 
the  North  Pacific,  off  the  coast  of  British  Columbia.  On  tbe  29tb  it  had 
crossed  tbe  Rocky  Monntains,  and  was  traversing  the  western  part  of 
the  Hndsou's  Buy'  Territory.  On  the  30tb  it  had  moved  to  tbe  south- 
east, and  lay  just  to  tlie  west  of  tbe  Great  Lakes,  and  on  the  SIst  be- 
tween Lake  Snperiorand  Hudson's  Bay.  On  Februaryl  ithadrea^h«l 
the  position  on  tbe  coast  of  Labrador  shown  in  tbe  chart,  and  on  the 
2nd  had  moved  further  to  northeast,  and  lay  across  Davis's  Straits, 
and  over  tbe  west  coast  of  Greenland.  After  this  it  again  changed  its 
course  to  southeast,  and  on  February  4  passed  to  the  north  of  Scotland, 
towards  Denmark,  and  eventually  on  to  Russia. 

Tbe  second  storm  had  originatedofftheeast  coast  of  the  United  States 
between  January  28  and  29,  and  on  the  following  days  crossed  the  At- 
lantic on  a  course  somewhat  to  north  of  east,  till,  on  February  3,  it  lay 
over  England.  . 

These  storms  always  move  in  some  easterly  direction,  generally  be- 
tween east  and  northeast,  and  often  several  follow  in  rapid  succession 
on  nearly  tbe  same  track.  It  istliis  knowledge  that  renders  it  possible 
for  the  Meteorological  Office  to  issue  the  daily  forecasts  that  we  see  io 
the  newspapers.  Were  it  possible  to  obtain  telegraphic  reports  from* 
few  stations  out  in  the  North  Atlantic,  these  storm  warnings  could  be 
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iHBDed  with  inncb  more  certaiuty,  and  perbaps  longer  before  the  arrival 
of  tbe  storm  than  at  present.  In  the  case  of  such  storms  as  that  which 
reached  oar  islands  on  February  2,  we  often  have  such  waruiugs  from 
America,  but  their  tracks  are  often  more  to  the  iiortbeast,  in  the  di- 
rection of  Iceland,  in  which  case  they  are  not  felt  on  our  coasts,  antl 
heocfl  tbe  frequent  failnre  of  these  American  warnings. 

It  in  tbe  region  of  low  pressure  in  tbe  North  Atlautic  that  Is  tbe 
especial  field  of  these  storms.  As  they  pass  across  it,  they  produce 
considerable  modifications  in  the  distributiou  of  pressure,  but  some  of 
its  main  features  remain  outstanding.  Thus  there  is  always  a  belt  of 
high  barometer  between  tbe  storm  region  and  the  trade-winds,  and  in 
the  winter  there  is  almost  always  a  region  of  high  barometer  over  North 
Americn,  and  another  over  Europe  and  Asia,  however  much  tbey  may 
Hbift  their  places,  and  be  temporarily  encroached  on  by  the  great  storm 
eddies. 

These  regions  of  high  pressure  Are  tbe  places  where  the  winds  de- 
scend, and,  as  [mentioned  in  tbe  earlier  part  of  this  lecture,  these  winds 
are  dry,  and  generally  accompany  fine  weather.  On  tbe  contrary,  the 
eddies,  where  the  air  ascends,  are  damp  and  stormy,  and  especially  that 
part  of  the  eddy  that  is  fed  by  the  southwest  winds  that  have  swept 
the  Atlantic  since  their  descent,  and  so  have  become  charged  with  va- 
por. 

And  now  we  are  prejiared  to  understand  why  east,  and  especially 
iKHtheast  winds  are  generally  so  dry.  Tbey  are  air  that  has  descended 
in  the  ares  of  high  barometer  that  (especially  in  tbe  winter  and  spring) 
lies  over  Europe  and  Asia,  and  has  subsequently  swept  thu  cold  laud- 
surface,  which  does  not  fiirnisb  much  vapor,  atid  therefore  tbey  reach 
as  as  dry  cold  winds.  To  begin  with,  the  air  comes  from  a  considera- 
ble height  in  tbe  atmosphere,  and  in  ascending  to  tbat  height  in  some 
other  [tart  of  the  world,  it  mnst  have  got  rid  of  most  of  ils  vapor  in 
the  way  tbat  has  been  already  explained.  In  descending  to  tho  earth's 
level  it  must,  of  course,  have  been  dynamically  heated  by  tbe  compression 
it  has  undergone,  bntall  ornearlyall  this  heat  has  been  got  rid  of  by  radi- 
ation into  free  space  on  the  cold  plains  and  under  tbe  clear  frosty  skies 
of  Northern  Asia  and  Northern  Europe,  and  it  then  blows  outwards  from 
this  region  of  high  barometer  over  the  land,  towards  the  warmer  region 
of  low  barometer  on  the  North  Atlantic  Ocean. 

Thus  we  see  tbat,  in  all  cases,  rain  is  produced  by  tbe  cooling  of  the 
air,  and  that  in  nearly  all,  if  not  all,  this  cooling  is  produced  by  the 
etpaosion  of  the  air  in  ascending  from  lower  to  higher  levels  in  the  at- 
mosphere, by  what  is  termed  dynamic  cooling.  This  last  fact  is  not  set 
forth  so  emphatically  as  it  should  be  in  some  popular  text-books  on  the 
Bobject,  but  it  is  an  undoubted  fact.  It  was  originally  suggested  by 
Bspf  some  forty  years  ago,  but  the  truth  is  only  now  generally  recog- 
nued,  and  it  is  one  of  the  results  which  we  owe  to  tbe  great  advance 
in  physical  science  effected  by  Joule's  discovery  of  the  definite  relation 
of  eqnivatence  between  heat  and  mechanical  work.  ^''^  '■^  S- 
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The  resistance  against  a  nnrface  of  a  definal  area,  passitig  rapidlj' 
through  yieldiac  media,  may  be  divided  iuto  two  opposing  forces; 
one  arising  firoin  the  cohesion  of  the  separated  particles  and  the  other 
Irom  their  weight  and  inertia,  which,  according  to  well-liuowu  laws, 
vill  reqnire  a  cougtaut  power  to  set  them  in  motion. 

Id  plastic  substances  the  first  condition,  that  of  cohesion,  will  give 
riae  to  the  greatest  resistance.  In  water  this  has  very  little  retarding 
effect,  hat  in  air,  from  its  extreme  Uuidity,  the  cohesive  force  becomes 
inappreciable,  anc)  all  resistaocesarecansedby  its  weightaloue;  tliero- 
fure,  a  weight  suspended  ft'om  a  plane  surface,  descending  i>erpeDdicu- 
larly  in  air,  is  limited  iu  its  rate  of  fall  by  the  weight  of  air  that  can  be 
set  in  motion  iu  a  given  time. 

If  a  weight  of  150  pounds  is  sus[>ended  from  a  surface  of  the  same 
nnmber  of  square  feet,  the  uniform  descent  will  be  l,3tH)  feet  permiunte, 
and  the  force  given  out  and  expended  on  the  air,  at  this  rate  of  fall, 
*ill  be  nearly  six  horse-iwwer;  and,  conversely,  this  same  speed  and 
|)ower  must  he  communicated  to  the  surface  to  keep  the  weight  sua- 
taiued  at  a  fixed  altitude.  As  the  surface  is  increased  so  does  the  rate 
oF  descent  aud  its  accompanying  power,  expended  in  a  given  time, 
decrease.  It  might  therefore  he  inferred  that,  with  a  sufficient  extent 
of  surface  reproduced,  or  worked  up  to  a  higher  altitude,  a  man  might 
by  his  exertions  raise  himself  for  a  time,  while  the  surface  descends  at 
a  less  speed. 

A  man  iu  raising  his  own  body,  can  perform  4,250  units  of  work, 
(that  is,  this  uumber  of  ponnds  raised  1  foot  high  per  minute,)  aud  can 
raisehisowu  weight  (say  150  pounds)  22  feet  per  miuute.  But  at  this 
speed  the  atmospheric  resistance  is  so  small  that  120,000  square  feet 

'A  paper  re«d  before  tbe  AcroDftutical  Society  uf  Great  BrttuiD,  June  'il,  1866, 
''On  Aerial  LocomoIioD,  and  the  Laws  bj-  which  Heavy  Bodies  linpelleil  tbruiigli 
tbeAir.  are  Snstaiued."  ( From  tbe  TTam-aMoBs  of  tht  Aermtaatical  Sotieti).  Firsc 
iiitaal  Report  for  tbe  year  1866,  pp.  10-40.)  Nolvrithntanding  its  dale,  this  paper 
oiDtaiDB  M>  good  D  preneiitatiaD  i>f  the  problem  of  aiiiouautics,  thut  it  duNervea  a 
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would  be  required  to  balauce  his  exertioos,  tnakiug  do  alloffaoce  fat 
weigbt  beyond  liia  own  boily. 

We  have  thus  reasons  for  tlie  failure  of  tbe  inauy  mis-directed  at- 
tempts tbat  bave  from  time  to  time  been  made  to  raise  weigbt« perpen- 
dicularly in  the  air,  by  wings  or  descending  surfaces.  Tbongb  tlie  digtit 
of  a  bird  is  maintained  by  a  constant  re-action  or  abutmeut  against  an 
enormous  weigbt  of  air  in  comparison  with  the  weigbt  of  its  own  t>od.v, 
yet,  as  will  be  subsequently  shown,  tbe  support  upon  tbat  weigbt  is 
not  necessarily  commanded  by  great  extent  of  wiug-surface,  but  by  the 
direction  of  motion. 

One  of  tbe  first  birds  in  tbe  scale  of  flying  magnitude  is  the  pelican. 
It  is  seen  in  the  streams  aud  eatuaries  of  warm  climates,  fish  being  its 
only  food.  On  the  Nile,  after  tbe  inuudatiou,  It  arrives  in  docks  of 
many  hundreds  together,  having  migrated  from  long  distances  A 
s[>ecimen  shot  was  found  to  weigh  21  )K>unds  and  measured  10  feet 
across  tbe  wings  from  end  to  end.  The  iielicau  rises  with  much  diffi- 
culty, bat  once  oti  the  wing  appears  to  dy  with  very  little  exertion,  not- 
withstanding its  great  weight.  Their  mode  of  progress  is  peculiar  and 
graceful.  Tbey  Hy  after  a  leader  iu  one  single  train.  As  be  rises  oc 
descends  so  his  followers  do  the  same  iu  saccessioo,  imitating  his  move- 
ments precisely.  At  a  distance  this  gives  thetu  the  appearance  of  a 
long,  andulatiugribbon,gli8teuiug  under  the  cloudless  sun  of  an  oriental 
sky.  Duriug  their  flight  they  make  about  seventy  strokes  per  minute 
with  their  wing.  This  uucoutb-looking  bird  is  somewhat  whimsical  iu 
its  habits.  Groups  of  tliem  may  be  seen  far  above  the  earth,  at  a  dis- 
tance from  the  river-side,  soaring,  apparently  for  their  own  pleasure. 
With  outstretched  anU  motionless  wings  they  float  serenely  high  iu  the 
atmosphere  for  more  than  an  hour  together,  traversiug  tbe  same  locality 
in  circling  movements.  With  head  thrown  back  and  enormoos  bills 
resting  on  their  breasts  tbey  almost  seem  asleep.  A  few  easy  strokes 
of  their  wiugseach  minut«,  as  their  momentum  or  velocity  diminishes, 
serves  to  keep  tbeni  sustained  at  the  same  level.  Tbe  effort  required  is 
obviously  slight  and  not  confirmatory  of  tbe  excessive  amount  of  power 
said  to  be  requisite  for  mnintaiuing  the  flight  of  a  binl  of  this  weight 
and  size.  The  iielicau  displays  no  symptom  of  being  endowed  with 
great  strength,  for  when  only  slightly  wounded  it  is  easily  capturetl, 
not  having  adequate  power  for  effective  resistance,  but  heavily  flapping 
the  buge  wings  that  should,  as  some,  imagine,  give  a  stroke-equal  in 
vigor  to  the  kick  of  a  horse. 

During  u  calm  evening  flocks  of  spoonbills  take  their  flight  directly 
up  the  river's  conrse,  as  if  linket)  together  in  unison  and  moved  by  tbe 
same  impulse,  they  alter  not  their  relative  positions,  but  at  less  than 
15  inches  above  the  water's  surface,  tbey  speed  swiftly  by  with  ease 
and  grace  inimitable,  a  living  sheet  of  spotless  white.  Let  one  cir- 
cumstance be  remarked, — though  they  have  fleeted  past  at  a  rate  of 
near  30  miles  an  hour,  so  little  do  they  disturb  the  element  in  which 
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they  move  that  not  a  ripple  of  the  plitcid  bosoui  of  the  river,  which 
they  almost  toacb,  has  marked  their  track.  How  wouderfully  does  their 
[irugi«8S  contrast  with  that  of  creatures  who  are  com])elled  to  drag 
tbeir  slow  and  weary  way  against  the  fluid  a  tbousaud-fold  more  deuae, 
flowing  in  atrong  aud  eddying  current  beneath  them. 

Oor  peuuaiit  drops  listlessly,  the  wisbed-for  uortb  winil  cometb  not. 
According  to  custom  we  step  on  shore,  guu  in  band.  A  dock  of  white 
herons,  or  "  bnffalo-bird.i,"  almost  withtu  our  reach,  run  a  short  distance 
from  the  pathway  ns  we  approach  them.  Others  are  seen  perched  iu 
social  groups  upon  the  backs  of  the  apathetic  and  mud-begrimed  ani- 
mals whose  name  they  bear.  Beyond  the  ripening  dhourra  crops  which 
skirt  the  river-Eide,  the  land  is  covered  with  immense  numbers  of  blue 
pigeons,  flying  to  aud  fro,  in  shoals,  and  searching  for  food  wicb  rest- 
less dUigence.  The  musical  whistle  from  the  pinions  of  the  wood-dovea 
sounds  cheerily  as  tiiey  dart  past  with  the  Speed  of  an  arrow.  Ever 
and  auon  are  seen  a  covey  of  the  brilliant,  many-colored  partridges  of 
the  district,  whose  long  und  pointed  winga  give  theui  a  strength  and 
daration  of  flight  that  seems  interminable,  alighting  at  distances  be- 
yond the  possibility  of  marking  them  down,  us  we  are  accustomed  to  do 
Wit&  their  plnmpw  brethren  at  home.  But  still  more  remarkable  iaihe 
spectacle  which  the  sky  presents..  As  far  as  the  eye  can  reach  it  is 
(lotted  with  birds  of  prey  of  every  size  and  description.  Eagles,  vult- 
nrea,  kites,  and  hawks  of  manifold  species,  down  to  the  small,  swallow- 
like, insectivorous  hawk  common  in  the  Delta,  which  skims  the  surface 
of  the  grouud  in  pursuit  of  its  insect  prey.  None  seem  bent  on  going 
forward,  but  all  are  soaring  leisurely  round  over  the  same  locality,  as  if 
the  invisible  element  which  supports  them  were  their  medium  of  rest 
u  well  as  motion.  But  mark  that  object  aitting  in  solitary  state  iu  the 
midat  of  you  plain;  what  a  magnificent  eagle!  An  approach  to  withiu 
SO  yards  nrooses  the  king  of  birds  from  his  apathy.  He  partly  opens 
bis  euormons  winga,  but  atira  not  yet  from  bis  station.  On  gaining  a 
few  feet  more  he  begins  to  walk  away,  with  half  expanded  but  motion- 
less wings.  Now  for  the  chance,  fire!  A  charge  of  No.  3  from  ll-bL>re 
nttles  audibly  but  ineffectively  upon  his  denaely  feathered  body;  his 
walk  increases  to  a  i:nn,  he  gathers  speed  with  his  slowly-waving  wings, 
sod  eventually  leaves  the  ground.  Bising  at  a  gradual  inclimuion,  he 
tnoonts  aloft  and  sails  majestically  away  to  his  place  of  refuge  in  the 
Libyan  range,  distant  at  least  5  miles  from  where  he  rose.  Some  fmg- 
nente  of  feathers  denote  the  spot  from  where  the  shot  had  struck  bim. 
'Die  marks  of  his  claws  are  traceable  iu  the  sandy  soil,  as,  at  first  with 
Brm  and  decidetl  digs,  he  forced  his  way,  but  as  be  lighteued  his  botly 
and  increased  his  speed  with  the  aid  of  his  wings,  the  im|>FiittH  of  his 
b^DS  gradually  merged  into  loug  scratches.  The  measured  distauoe 
fram  the  point  where  these  vantt>lied  to  the  place  where  he  had  stood, 
proved  that  with  all  the  stimulus  tliat  the  sliuD  luu^tt  have  given  to  his 
exertions  he  had  been  compelled  to  run  full  20  yards  before  he  could 
raise  himself  from  theeartU.  C.t)Oi^lc 
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Again  the  boat  in  under  weigb,  tbougb  the  wind  is  but  just  sufiBcient 
for  UB  to  stem  the  carreut.  An  immense  kite  is  soaring  orerhea*1, 
scarcely  higher  than  the  top  of  our  lateeu  J^ard,  affording  a  fine  oppor- 
tQDity  for  con  tern  plating  bis  easy  and  unlabored  looretneDts.  Tbecook 
Las  now  thrown  overboard  some  offa).  With  a  solemn  swoop  the  bird 
descends  and  seizes  it  with  bis  talons.  How  easily  be  rises  again  with 
motionless  expanded  wings,  the  mere  force  and  inouientnni  of  his  de- 
scent serving  to  raise  him  again  to  more  than  half -mnst  high.  Observe 
him  next,  with  lazy  flapping  wings,  and  bead  turned  under  bis  botly; 
he  is  placidly  devouring  the  pendent  morsel  from  bis  foot,  and  calmly 
gliding  onwards. 

The  Nile  abounds  with  large  aquatic  birds  of  almost  every  varioty. 
During  a  residence  upon  its  surface  for  nine  months  out  of  the  year, 
immense  numbers  have  been  seen  to  come  and  go,  for  tbe  majority  nf 
them  are  migratory.  Eg^-pt  being  merely  a  narrow  strip  of  (crritorj-, 
passing  through  one  of  tlie  most  desert  parts  of  the  earth  and  rendered 
fertile  only  by  the  periodical  rise  of  the  waters  of  tbe  river,  it  is  proba- 
ble that  these  birds  make  it  their  grand  ttioronghfare  into  the  rich  dis- 
trict of  Central  Africa. 

On  nearing  onr  own  shores,  steaming  .igainst  a  moderate  head-wind, 
from  a  station  abaft  tbe  wheel  tbe  movements  of  some  half-dozen  gntis 
are  observed,  following  in  the  wake  of  tbe  ship  in  patient  expectation 
of  any  edibles  that  may  be  thrown  overboani.  One  that  is  more  famil- 
iar than  the  rest  comes  so  near  at  times  that  the  winnowing  of  his  wings 
can  be  beard ;  bo  has  just  dropped  astern,  and  now  comes  on  agaii>- 
With  the  asia  of  his  body  exactly  at  the  level  of  the  eyesight,  bis  every 
movement  can  be  distinctly  marked,  lie  approaches  to  wilhin  10 
yards,  and  utters  his  wild,  plaintive  note,  as  he  turns  his  head  from  aide 
to  side,  and  regards  us  with  his  jet  black  eye.  But  where  is  the  angle 
or  upward  rise  of  bis  wings,  that  should  compensate  for  his  descendin!; 
tendency,  in  a  yielding  medium  like  airt  The  incline  can  not  he  de- 
tected, for,  to  all  appearance,  bis  wings  are  edgewise,  or  parallel  to  bis 
lino  of  motion,  and  he  appears  to  skim  along  a  solid  8Upi>ort.  No 
smooth-edged  rails,  or  steel-tired  wheels,  with  polished  axles  revolving 
ID  well-oiled  brasses,  are  needed  bere  for  tbe  pun>060  of  diminishing 
friction,  for  nature's  machinery  has  surpassed  them  all.  The  retarding 
effects  of  gravity  in  the  creature  under  uotice,  are  almost  annulled,  for 
he  is  gliding  forward  upon  a  frictionlesa  plane.  There  are  vanoa»  rea- 
sons for  concluding  that  the  direct  flight  of  many  birds  is  maintained 
with  a  much  less  expenditure  of  power  for  a  high  speed,  than  by  any 
mode  of  progression. 

The  first  subject  for  consideration  is  tiie  proportion  of  surface  weight, 
and  their  combined  effect  in  descending  perpendicularly  through  Uie 
atmosphere.  The  datum  is  here  based  upon  the  consideration  of  safety, 
for  it  may  sometimes  bo  needful  for  a  living  being  to  drop  passively, 
withont  muscular  effort.  One  square  foot  of  sustaining  surface  for 
every  pound  of  tbe  total  weight,  will  t>e  sufficient  for  secorityile 
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According  to  Smeaton's  tnble  of  atmosplierio  resietauoe,  to  produce  a 
force  of  1  poniid  on  a  »qiiare  foot,  tbe  wind  must  move  against  tbe  plane 
(or,  wbich  13  the  same  thing,  the  plane  against  the  wind),  at  tbe  rate  of 
22  feet  per  second,  or  l,.'t20  feet  per  minute,  equal  to  15  miles  per  hoar. 
Tbe  resistAoce  of  the  air  will  now  balance  the  weight  ou  the  descending 
siirface,  and  consequently  it  cab  uot  exceed  that  speed.  Now  22  feet 
per  second  is  the  velocity  acquired  at  tbe  end  of  a  fall  of  8  feet, — a 
heigbt  from  which  a  well-knit  manor  animnl  may  leap  down  without 
much  risk  or  injury.  Therefore,  if  a  man  with  parachute  weigh  together 
113  ponuds,  spreading  tbe  same  iiumlter  of  square  feet  of  sarfaue  con- 
tained in  »  circle  14^  feet  Iti  diameter,  he  will  descend  at  perhai>s  an 
anpleasaut  velocity,  bnt  with  safety  to  life  and  limb. 

It  is  a  remarkable  fact  how  this  proiwrtion  of  wiug-snrface  to  weight 
extends  throughout  a  great  variety  of  the  dying  portion  of  tbo  animal 
kingdom,  even  down  to  hornets,  bees,  and  other  insects.  In  some  in- 
fltances  however,  as  in  the  gallinaceous  tribe,  including  pheasants,  this 
area  is  somewhat  exceedetl,  but  they  are  known  To  bo  very  poor  flyers. 
Residing  as  they  do  chiefly  on  the  ground,  their  wings  are  only  required 
for  short  distances  or  for  rai.-ing  tliem  or  easing  their  descent  from  tbeir 
roosting -pi  aces  in  forest  trees,  tbo  shortness  of  their  wings  preventing 
them  from  taking  extended  flight.  The  wing-surface  of  the  common 
svatlow  is  rather  more  than  in  the  ratio  of  2  square  feet  per  |>ound,  but 
ba\-ing  also  great  length  of  pinion,  it  is  both  swift  and  enduring  in  its 
fiight.  When  ou  a  rapid  course  this  bird  is  in  the  habit  of  furling  itK 
irings  into  a  narrow  compass.  The  greater  extent  of  surface  is  proba- 
l)ly  needful  for  tbe  continual  variations  of  speed  and  instant  stoppages 
requisite  for  obtaining  its  insect  food. 

Un  the  other  hand,  there  are  some  birds,  parliciilarly  of  the  duck 
tribe,  whose  wiug-snrface  but  little  exceeds  half  a  square  fbot,  or  72 
inches  per  pound;  yet  they  maybe  classed  among  the  strongest  and 
Sffiftest  flyers.  A  weight  of  1  pound  suspended  from  an  area  of  tbisex- 
tent  would  acquire  a  velocity  due  to  a  fall  of  IG  feet,  a  height  sufficient 
for  tbe  destrnctiou  or  injury  of  most  animals.  But  when  the  plane  Is 
nrged  forward  horizontally,  in  a  manner  analogous  to  the  wings  of  a 
bird  daring  flight,  the  sustaining  power  is  greatly  influenced  by  the 
form  and  arrangement  of  tbe  surface. 

In  the  case  of  perpendicular  descent,  as  a  parachute,  the  sustaining 
effect  will  be  much  tbe  same,  whatever  the  figure  of  the  outline  of  tbe 
HQperflcies  may  be,  and  a  circle  perhaps  affords  the  best  resistance  of 
itoy.  Take  for  example  a  circle  of  20  square  feet  (as  possessed  by  the 
pelican)  loaded  with  as  many  itouuds.  This,  as  jnst  stated,  will  limit 
the  rate  of  perpendicular  descent  to  1,320  feet  per  minute.  But  instead 
of  acircle  Gl  inches  in  diameter,  if  the  area  is  bounded  by  a  parallelo- 
gnm  10  feet  long  by  2  feet  broad,  and  whilst  at  perfect  freedom  to  de- 
Mend  perpendicularly,  let  a  force  be  applied  exactly  in  a  horizontal 
direction  so  as  to  carry  it  edgeways,  with  the  long  side  foremost,  at  a 
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forward  speed  of  30  milea  per  hour,  just  doable  (hat  of  ite  passive  de- 
scent; the  rate  of  fall  under  tbese  conditions  wil)  be  decreased  most 
remarkably,  probably  to  less  than  one-fifteenth  part,  or  88  feet  per  mia- 
ate,  or  1  mile  per  boar. 

The  annexed  line  represeuts  transversely  tbe  plane  2  feet  wide  and  ID 
teet  long,  moving  in  tbe  direct  ion  of  the^rrow 
with  n  forward  speed  of  30  miles  per  hour,  or. 
2,640  feet  per  mi  nute,  and  desceuding  at  88  feet^  - 
per  minute,  tbe  ratio  beiug  as  1  to  30.  Now,  tbe  particles  of  n,ir  caught 
by  the  forward  edge  of  the  plaoQ  must  be  carried  down  eight-tenths  of 
an  inch  before  they  leave  it.  This  stratam,  10  feet  wide  and  2,040  feet 
long,  will  neigh  not  less-  than  134  {Ktuods ;  therefore  the  weight  bas 
coutionally  to  be  moved  downwartis  88  feet  per  minate  ^m  a  sbite  of 
absolute  rest.  If  tbe  plane,  with  this  weight  and  an  upward  rise  of 
eight-tenths  of  an  inch,  be  carried  forward  at  a  rate  of  30  miles  per 
hour,  it  will  be  maiutaiued  at  the  same  level  without  descending. 

The  following  illustration,  though  referring  to  the  action  of  surfaces 
in  a  denser  fluid,  are  yet  exactly  analogous  to  the  coaditions  set  forth 
in  air: 

Take  a  stiff  rod  of  wood  and  nail  to  its  end  at  right  angles  a  thro  lath 
or  blade  about  2  inches  wide.  Place  the  rod  square  across  tbe  thwarts 
of  a  rowing-boat  iu  motion,  letting  a  foot  or  more  of  the  blade  bang 
perpendicularly  over  the  side  into  the  water.  The  direct  amount  of 
resistance  of  the  current  against  the  flat  side  of  the  blade  may  thuH  be 
felt.  Next  slide  tbe  rod  to  and  fro  tbwart-ship,  keeping  all  square ;  the 
resistance  will  now  be  found  to  have  increased  enormoosly;  indeed, 
the  boat  can  be  entirely  stopped  by  such  an  appliance.  Of  coarse  the 
same  experiment  may  be  tried  in  a  running  stream. 

Anothef  familiar  example  may  be  cited  in  the  leeboards  and  slidiug 
keels  used  in  vessels  of  shallow  draught,  which  act  precisely  on  the 
same  principle  as  the  plane  or  wing-surface  of  a  bird  when  moving  iu 
air.  These  suifaces,  though  parallel  to  tbe  Hue  of  the  vessel's  course, 
enable  her  to  carry  a  heavy  press  of  sail  without  giving  way  under  the 
side  pressure,  or  making  lee  way,  so  great  is  their  resistance  agaiusl 
the  rapidly  passing  body  of  water,  which  can  not  be  deflected  sideways 
at  a  high  speed. 

The  succeeding  experiments  will  serve  further  to  exemplify  the  action 
of  the  same  principle.  Fix  a  thin  blade,  say  1  inch  wide  and  1  loot 
long,  with  its  plane  exactly  midway  and  at  right  angles  to  the  end  of 
a  spindle  or  rod.  On  throsting  this  through  a  body  of  water,  or  im-' 
mersing  it  iu  a  stream  running  in  the  direction  of  the  axis  of  the  spin- 
dle, the  resistance  will  foe  simply  that  caused  by  tbe  water  against  tbe 
mere  snperflcies  of  the  blade.  Next  put  the  spindle  and  blade  in  rapid 
rotation.  The  retarding  efl'cct  against  direct  motion  will  now  be  in- 
creased near  tenfold,  nnd  is  equal  to  that  due  to  tbe  entire  area  of  the 
circle  of  revolution.    By  trying  the  effect  of  blades  of  varioas  widths, 

;|.,CjOO<^1l' 


ON  AfiBIAL  LOCOMOTION.  309 

it  will  be  found  tbat,  for  the  {Hirpose  of  eSectinp;  tbe  maximum  amount 
of  resistituce,  tfae  more  rHpidly  tbe  spiutlle  revolves  the  narrower  may 
be  the  blade.  Tliere  is  a  specific  ratio  betweeo  tbe  width  of  tbe  blade 
and  it3  velocity.  It  is  of  some  importaaoethat  this  should  be  precisely 
defined,  not  only  for  its  practical  utility  in  determining  tbe  best  pro- 
portion of  width  to^peed  in  the  blades  of  screw-propellers,  bnt  also  for 
»  correct  demonstration  of  tbe  principles  involved  in  tbe  subject  now 
nnder  consideration;  for  it  maybe  remarked  that  the  swiftest-fiying 
birds  possess  extremely  long  and  narrow  wings,  and  tbe  slow,  heavy 
flyers  shore  and  wide  ones. 

In  tbe  early  days  of  the  screw-propeller  it  was  thongfat  requisite,  in 
order  to  obtain  the  advantage  of  tfae  utmost  estent  of  surface,  that  tbe 
end  view  of  the  screw  should  present  no  opening,  bat  appear  as  a  com- 
plete disk.  Accordingly,  some  were  constrncted  with  one  or  two 
threatlx,  making  an  entire  or  two  half- re  volutions ;  bat  this  was  snbse- 
qaently  fonnd  to  be  a  mistake.  In  tbe  case  of  tbe  two  blades,  the  length 
of  the  screw  was  sborteQed,  and  eousequeotly  the  width  of  tbe  blades 
rednced,  with  increased  effect,  till  each  was  brought  down  to  consider- 
ably less  than  oue-sixth  of  tbe  circumference  or  area  of  tbe  entire 
circle;  tbe  maximam  8p>>ed  was  then  obtained.  Experiment  has  also 
sbown  that  the  effective  propelling  area  of  tbe  two-bladed  screw  is 
tantamount  to  its  entire  circle  of  revolntioo,  aud  is  generally  estimated 
u  snob. 

Many  experiments  tried  by  tbe  author,  with  varions  forms  of  screws 
^ipiied  toasmallst«am-boat,led  to  tbe  oame  conclusion, — that  the  two 
blades  of  one-aixtb  of  tbe  circle  gave  the  best  results. 

All  screws  reacting  on  a  fluid  such  as  water  must  canse  it  to  yield  to 
some  extent.  This  is  technically  known  as  "slip,"  and  whatever  the 
ratio  or  percentage  on  tbe  speed  of  the  boat  may  be  it  is  tantamount 
toJQstso  much  loss  of  propelling  power,  this  being  consumed  in  giving 
motion  to  the  water  instead  of  the  boat. 

On  starting  the  engine  of  the  steam-boat  referred  to,  and  grasping  a 
mooring-rope  at  the  stem,  it  was  an  easy  matter  to  hold  it  back  with 
one  band,  though  the  engine  was  equal  in  power  to  five  horses,  aud  the 
screw  making  more  than  five  hundred  revolutions  per  minut«.  Tbe 
Kbule  force  of  tbe  st«am  was  absorbed  in  "slip,"  or  in  giving  motion 
to  the  Rolnmn  of  water;  but  let  her  go  and  allow  tbe  screw  to  Aud  an 
abutment  on  a  fresh  body  of  water  not  baving  received  a  gradual  mo- 
tion, and  with  its  inertia  undisturbed  when  running  under  fbll  way, 
the  screw  worked  almost  as  if  in  a  solid  nut,  the  "slip^  amoauting  to 
only  11  per  cent. 

Tbe  laws  which  control  tbe  action  of  inclined  surfaces,  moving  either 
.  in  straight  lines  or  circles  in  air,  are  identical,  and  serve  to  show  the 
inutility  of  attempting  to  raii^e  a  heavy  body  in  tbe  atmosphere  by 
means  of  robbing  vanes  or  a  screw  acting  vertically;  fornnleas  tbe  ratio 
of  Borface  compared  to  weight   is  exceedingly  extensive,  tbe  whole 
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power  will  be  eoiisumed  in  "  slij),"  or  in  giving  iv  downwart!  motion  to 
the  column  of  air.  Even  if  a  suffltiieot  force  is  oblaiue*!  to  keep  a  body 
auspended  by  bucU  means,  yet,  after  the  desired  altitndu  is  arrived  at, 
no  further  lucetuion  is  reqaired ;  there  the  apparatus  is  to  remain  sta- 
tionary as  to  le%'el,  and  its  position  on  the  constantly  yielding  support 
can  only  be  maintained  at  an  enormous  espenditare  of  power,  for  the 
screw  can  not  obtain  a  bold  upon  Afresh  and  unmoved  portion  of  air  in 
the  same  manner  ax  it  does  upon  the  body  of  water  when  propelling  the 
boat  at  full  speed;  its  action  nnderthesecouditionsisthesame  as  when 
the  boat  is  held  fast,  io  which  case,  although  the  engine  is  working  np 
to  its  aaoal  rate,  the  tractive  power  is  almost  annulled. 

Some  experiments  made  with  a  screw,  or  pair  of  inclined  ranes  acting 
vertically  in  air,  were  tried  in  tbe  following  manner:  To  an  uprigbt 
post  was  fixed  a  frame  containing  a  bevel  wheel  and  pinion,  multiplyiog 
in  the  ratio  of  three  to  one.  The  axle  of  the  wheel  was  horizontal,  and 
turned  by  a  handle  of  fij  inches  radius.  The  spindle  of  the  pinion 
rotated  vertically,  and  carried  two  driving-pins  at  tbe  end  of  a  cross- 
piece,  so  that  the  top  resembled  the  three  prongs  of  a  trident.  The 
Dpright  sbaftoftbe  screw  was  bored  hollow  to  receive  tbe  middle  prong, 
while  the  two  outside  ones  took  a  bearingagainstadriviug-bar,atrigfat 
angles  to  the  lower  end  of  the  shaft,  the  top  of  which  ended  in  a  lon^ 
iron  pivot,  running  in  a  socket  fixed  in  a  beam  overhead ;  it  conid  thus 
rise  and  fall  about  2  inches  with  very  little  friction.  The  lop  of  the 
screw-sbaft  ciirried  a  cross-arm,  with  a  blade  of  equal  size  at  each  ex- 
tremity, tbe  distance  from  end  to  end  being  six  feet.  The  blades  conld 
be  adjusted  at  any  angle  t>y  clamping-screws.  Both  their  edges  and 
tbe  anus  that  carry  them  weru  beveled  away  to  a  sharp  edge  to  dimin- 
ish the  effects  of  atmoshperic  resistance.  A  wire  stay  was  taken  from 
the  base  of  each  blade  to  the  bottom  of  the  upright  shaft,  to  give  rigid- 
ity to  the  arms,  and  to  prevent  them  from  springing  upwards.  With 
this  apparatus  experimeuts  were  made  with  weights  attached  to  the  up- 
rigbt screw-sliaft,  and  the  blades  set  at  different  pitches,  or  angles 
of  inclination.  When  the  vanes  were  rotated  rapidly,  the^  rose  and 
fioated  on  the  air,  carrying  the  weights  with  them.  Much  difficulty 
was  experienced  in  raising  a  heavy  weight  by  a  comparatively  small 
extent  of  surface,  moving  at  a  high  velocity ;  the*<8l)p"in  these  cases 
being  so  great  as  to  absorb  all  the  power  employed.  Tbe  utmost  effect 
obtained  in  this  way  was  to  raise  a  weight  of  0  pounds  on  1  square  foot 
of  sustaining  surface,  tbe  planes  having  been  set  at  a  coitrse  pitch.  To 
keep  up  the  rotation  required  about  half  the  ])ower  a  man  conld  exeri. 

Tbe  ratio  of  weight  to  sustaining  surface  was  next  arranged  in  the 
proijortion  approximating  to  Uiatof  birds.  Twoof  theexperimentsare 
here  quoted,  which  gave  the  most  satisfactory  resulte.  Weight  of  wings 
and  shaft,  17^  ounces;  urea  of  two  wings,  121  inches — equal  to  110 
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sqaare  ioclies  per  iwuud.    The  anuexed  fi^arcs  are  given  approximately, 
JD  order  to  avoid  decimal  fractious : 
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The  power  re<)iiired  to  drive  was  nearly  tbe  same  in  botli  experi- 
Dienta — about  equal  to  oue-sixteeutb  part  of  a  horse-pover,  or  tlio  tliird 
part  or  the  streugtli  of  a  man  as  estimated  by  a  constant  force  on  tbe 
baudle  of  12  poanda  in  tlio  flrnt  experiment  ami  10  id  tbe  secoud,  the 
radios  of  the  handle  beiog  5^  incbea,  and  maklug  seventy  revolutions 
{•er  miuate  in  tbe  first  case  and  eighty  in  the  other. 

These  experiments  are  so  far  satisfactory  in  ahowiug  tbe  small  pitch 
or  augle  or  rise  required  for  austaiuing  the  weight  stated,  and  demon- 
strating the  principle  before  alluded  to,  of  tbe  slow  descent  of  planes 
iDOviug  horizontally  in  the  atmoaphuro  at  high  velocities ;  but  tbe  ques- 
tion remains  to  be  answered,  couceniiiig  the  disposal  of  the  exceaaire 
power  consumed  in  raising  a  weight  not  exceeding  that  of  a  carrier- 
liigeon,  for  unless  tbiu  cau  be  siitisfuctorily  accounted  for  there  is  but 
little  pro8{K>ct  of  finding  an  available  power  of  sufficient  energy  in  its 
applicatiou  to  the  mechauiam  for  raising  apparatus,  cither  experimental 
or  otherwise,  in  the  atmosphere.  In  the  second  experiment,  the  screw- 
shaft  made  two  hundred  and  forty  revolutions,  consequently,  one  vane 
(Ihtre  being  two)  was  constantly  passing  over  the  tame  spot  four  hun- 
dred and  eighty  times  each  minute,  or  eight  times  iu  a  second.  This 
caused  a  descending  current  of  air,  moviug  at  the  rate  of  near  4  miles 
l>cr  hour,  almost  sufficient  to  blow  a  candle  out  phiced  3  feet  under- 
neath. This  is  tbe  result  of  "slip,"  and  the  giviug  both  a  dowuwanl 
aod  i-olary  motion  to  this  column  of  air  will  account  for  a  great  iwrt  of 
tlie  i>ower  employed,  as  the  whole  apparatus  i>erformed  the  work  of  a 
blower.  If  the  wings,  instead  ol  traveling  iu  a  circle,  could  have  been 
urged  continually  forward  in  a  straight  line  in  a  fresh  aod  unmoveil 
body  of  air,  the  "slip"  wouhl  have  been  so  inconsiderable,  and  tbe 
l>itch,  consequently,  rediicetl  to  such  a  small  angle  as  to  add  but  little 
to  the  direct  forwanl  atmospheric  resistance  of  tbe  edge. 

The  small  dying  screws,  sold  as  toys,  are  well  known.  It  is  an  easy 
tnattcr  to  determine  aliproximately  the  force  expended  in  raising  and 
maintaining  them  in  the  atmosphere.  Tbe  following  is  au  example  of 
one  constructed  of  tin-plate  with  three  equidistant  vanes.  This  was 
span  by  means  of  a  cord  wound  round  a  wooden  spindle,  fitted  into  a 
forked  handle  as  usual.    Theonterend  ofthe  coiled  string  was  attached. 


312  ON  AiiRlAL   LOCOMOTION 

to  a  Hmall  epriog  steelyard,  nliivli  served  hh  a  bauille  to  pull  it  oat  by. 
The  weight  or  degree  at  whicli  the  iudex  bad  beeu  drawn  was  a/l»- 
wards  ascertained  by  tbe  mark  left  thereon  by  a  pointed  brass  wire.  It 
is  not  uecessary  to  know  tbe  time  occnpied  in  drawing  ont  the  string, 
08  this  item  in  tbe  estimate  may  betaken  as  tliednrationof  the  ascent; 
for  it  in  evident  that  if  tbe  same  force  is  re-applied  at  the  descent,  it 
would  rise  again,  and  a  repeated  series  of  these  impulses  will  represent 
tbe  power  required  to  prolong  the  flight  of  the  instrument.  It  is  there- 
fore requisite  to  know  the  length  of  string  and  tbe  force  applied  in 
polling  it  out.    The  following  are  tbe  data: 

Diameter  of  screw inches..    )H' 

Weight  of  Mrew grains..  396 

Iieogtb  of  atring  drawo  ont feet..      3 

Force  employed pounds..      8 

Doratiou  of  flight seconds..    Iti 

From  thisit  may  becomput«d  tbat,  in  order  to  maiDtain  tbe  fligbtof  tbe 
instrument,  a  constant  force  is  required  of  near  60  foo^powe^pe^mioate 
— in  the  ratio  of  about  3  borse-power  for  each  hundred  pounds  raised 
by  such  means.  The  force  is  perhaps  over-estimated  foralargerscrew, 
lor  as  the  size  snd  weight  is  increased  the  power  required  would  be 
less  than  fn  this  ratio.  The  result  wonld  be  more  satisfoctory  if  tried 
with  a  sheet-iroD  screw  impelled  by  a  descending  weight. 

Methods  analogous  to  this  have  been  proposed  for  attempting  aSrial 
locomotion  ;  but  experiment  has  shown  tbat  a  screw  rotating  in  the  air 
is  an  imperfect  principle  for  obtaining  the  means  of  flight  and  support- 
ing the  needful  weight,  for  the  power  required  is  enormous.  Suppose 
a  machine  to  be  coostrncted  having  some  adequate  supply  of  force,  the 
screw  rotating  vertically  at  a  certain  velocity  will  raise  tbe  whole. 
When  the  desired  altitude  is  obtained,  nearly  the  same  velocity  of  rev* 
olutiou  and  the  same  excessive  power  must  be  continued,  and  con. 
sumed  entirely  in  "slip,"  or  in  drawing  down  arapidcarrent  of  air. 

If  the  axis  of  tbe  screw  is  slightly  inclined  from  tbe  perpendicular,  the 
whole  machine  will  travel  forward.  Tbe  "slip,"  and  conseqnently  tbe 
power,  is  somewhat  reduced  under  these  conditions;  butaswiftforward 
sicedcan  not  bo  effected  by  sncb  means,for  the  resistance  of  theinclined 
disk  of  the  screw  will  be  very  great',  far  exceeding  any  form  assimilat- 
ing to  the  edge  of  the  wing  of  a  binl.  But,  arguing  on  the  sappositioo 
that  a  forward  speed  of  30  miles  an  hour  might  thns  be  obtained,  even 
then  nearly  all  the  power  would  be  expended  in  giving  an  nnnecessary 
and  rapid  revolution  to  an  immense  screw,  capable  of  raisinga  weight, 
say,  uf  200  pounds.  The  weight  alone  of  such  a  machine  must  cause  it 
to  fail,  and  every  revolution  of  tbe  screw  is  a  snbfraction  from  the  much 
desired  direct  forward  speed.  A  simple  narrow  blade  or  inclined  plane 
propelled  in  a  direct  course  at  this  speed  (which  is  amply  sufGcient  for 
sustaining  heavy  weights)  is  the  best — and  in  fact  the  only  means  of 
giving  the  maximum  amount  of  supporting  power  with  the  leaat  possi- 
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ble degree  of  "slip"  and  direct  forvaitl  reaiHUnce.  Thousands  of  ex- 
amples iu  natare  testify  its  success  and  show  the  principle  in  {terfec- 
tioD, — apparently  the  only  one,  and  therefore  beyond  the  reach  of 
ameDdment, — the  wing  of  a  bird,  combining  a  propelling  and  supporting 
organ  in  one,  each  perfectly  efficient  in  its  mechanical  action. 

This  leads  to  the  consideratiuu  of  the  iimount  of  power  reqaisite  to 
maiotaii)  the  flight  of  a  bird.  Anatomists  state  that  the  pectoral  mus- 
cles for  giving  motion  to  the  wings  are  excessively  large  and  strong ; 
but  this  furnishes  no  proof  of  the  expenditureof  a  great  amount  of  force 
in  [he  act  of  flying.  The  wings  are  hinged  to  the  body  like  twop->wernil 
lerers,  and  some  counteracting  force  of  a  passive  nature,  acting  like  a 
spring  nnder  tension,  must  be  requisite  merely  to  balance  the  weight  of 
tbe  bird.  It  can  not  be  shown,  that  while  there  is  no  active  motion, 
there  Js  aoy  real  exertion  of  muscular  force,  for  instance,  daring  the 
time  when  a  bird  is  soaring  with  motionless  wings.  This  must  be  con- 
sidered as  a  state  of  equilibrium,  the  downward  spring  and  elasticity 
of  tbe  wings  serving  to  support  the  l>ody,  the  muscles  in  ancb  a  case 
performing  like  stretched  india-rubber  spring  would  do.  The  motion 
or  active  power  required  for  the  performance  of  flight  must  be  considered 
etclagive  of  this. 

Itisdifficnlt,  if  not  impossible,  by  any  form  of  dynamometer  to  ascer- 
tain tbe  precise  amount  of  force  given  ont  by  tbe  wiogs  of  birds;  but 
this  is  perhaps  notreqnisite  in  proof  of  the  principle  involved;  for  when 
the  laws  governing  their  movements  in  air  are  better  understood  it  is 
quite  possible  to  demonstrate  by  isolated  experiments  tbe  amount  of 
power  required  to  sustain  and  propel  a  given  weight  and  surface  at  anj 
■peed. 

If  the  pelican,  referred  to  as  weighing  2L  pounds  with  near  the  same 
amount  of  wing  area  (in  square  feet),  were  to  descend  perpendicularly, 
it  Toald  fall  at  the  rate  of  1,330  feet  per  minute  (22  feet  per  second), 
being  limited  to  this  speed  by  tbe  resistance  of  the  atmosphere. 

Tbe  standard  geoerally  employed  iu  estimating  power  is  by  the  rate 
of  descent  of  a  weight.  Therefore,  tbe  weight  of  the  bTrd  being  21 
pooud^  which  falling  at  tbe  above  speed,  will  expend  a  force  on  the  air 
letin  motion  uearly  equal  to  1  horse  (.81  horse- power)  or  thatof  five  men; 
and  conversely,  to  raise  this  weight  again  perpendicularly  upon  a  yield- 
ing support  like  air,  wonld  reqnire  even  more  power  than  this  expres- 
sion, which  it  is  certain  that  a  pelican  does  not  itossess;  nor  does  it 
Hp[>ear  that  any  large  bird  has  the  faculty  of  raising  itself  on  the  wing 
perpendicularly  in  a  still  attnosphere.  A  pigeon  is  able  to  accomplish 
tbis  nearly,  mounting  to  tbe  top  of  a  bouse  iit  a  very  narrow  com])as8 ; 
bat  the  exertion  is  evidently  severe  and  can  only  be  maintained  for  a 
short  period.  For  its  size,  this  bird  has  great  power  of  wing ;  but  this 
is  perhaps  far  exceeded  iu  the  humming-bird,  which,  by  tbe  extremely 
rapid  movements  of  its  pinions,  sustains  itself  for  more  than  a  minute 
in  still  air  in  one  position.    The  muscular  force  required  for  tbis  feat  is 
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mauli  greatertban  Tor auy other performnuue of fitglit.  Tliebodf  oftiie 
bird  at  the  time  ib  uearly  vertical.  The  wings  uphold  tlie  weight,  uot 
bystrilcing  vertically  downwards)  upon  the  air,  bat  aa  inclined  sarfaces 
reeiprocatiug  horizontally  like  a  screw,  bat  wanting  iu  its  coutinnous 
rotation  in  one  directiou,  aod  in  consequence  of  the  less  arising  from 
rapid  alternations  of  motions,  the  powijf  required  for  the  dight  will  ex- 
ceed that  specified  in  the  screw  experiment  before  qnoted,  viz,  3  boree- 
power  for  every  100  pounds  raised. 

We  have  here  an  example  of  the  exertion  of  enormous  animal  force 
ex|»ei)ded  in  flight,  necessary  for  the  peculiar  habits  of  the  bird,  nsd 
for  obtaining  its  food ;  but  in  the  other  extreme,  in  large  heavy  birds, 
whose  wings  are  iherely  required  for  the  purposes  of  migratiou  or  loco- 
motion, flight  is  obtained  with  the  least  possible  degree  of  power,  and 
thiBConditioncntioutybecommandedbyarapid  straight- forward  course 
through  the  air. 

Tbe  sustaining  power  obtained  in  flight  must  depend  upon  certain 
laws  of  action  and  re-action  between  relative  weights;  the  weight  of  a 
bini,  balanced,  or  finding  an  abutment,  against  tbe  fixed  inertia  of  a 
far  greater  weight  of  air,  continuously  brought  into  action  in  a  given 
time.  This  condition  is  secured,  uot  by  extensive  surface,  but  by  great 
length  of  wing,  which,  in  forwnrd  motion,  takes  a  support  upon  a  wide 
stratum  of  air,  extending  transversely  to  the  line  of  direction. 

The  pelican,  for  example,  has  wings  extending  out  10  feet.  If  the 
limits  of  motion  imparted  to  the  substratum  of  air,  acted  upon  by  the 
incline  of  the  wing,  be  assumed  as  1  foot  in  thickness,  and  the  velocity 
of  flight  as  30  miles  per  hour,  or  3,640  feet  per  miuute,  the  stratum  of 
air  passed  over  in  this  time  will  weigh  neartyl  ton,  or  one  hundred  times 
the  weight  of  tbe  body  of  the  bird,  thus  giving  such  an  enormous  sup- 
]>orting  power  that  tbe  comparatively  small  weight  of  the  bird  has  but 
little  effect  in  deflecting  the  heavy  length  of  the  stratum  downwards, 
and  therefore  the  higher  the  velocity  of  flight  the  less  the  amount  of 
"slip"  or  i»ower  wasted  in  conipensntion  for  descent. 

As  noticed  at  the  commencement  of  this  paper,  large  birds  may  be 
observed  to  skim  close  above  smooth  water  without  ruMing  thesurfiice, 
showing  that  during  rapid  flight  the  air  does  not  give  way  beneath  them, 
but  approximates  towards  a  solid  support. 

In  all  inclined  surfaces,  moving  rapidly  th'rough  the  air,  the  whole 
sustaining  iiower  approaches  toward  the  frout  edge;  and,  in  order  to 
exemplify  the  inutility  of  surface  alone,  without  proportionate  length 
of  wing,  take  a  plane  10  feet  long  by  2  broad,  imi>elled  with  tbe  nar- 
row end  forwanl,  the  first  13  or  15  inches  will  be  as  efficient  at  a  high 
speed  in  supporting  a  weight  as  the  entire  following  i>ortion  of  the 
plane  which  may  be  cut  off,  thus  reducing  the  effective  wing-area  of  a 
pelican,  arrange<l  iu  this  direction,  to  the  totally  inadequate  equivalent 
of  2J  square  feet. 

One  of  the  most  |)erfect  natural  examples  of  easyvJW^itfW^sastained 
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fligtit  is  tbe  wanderiag  albatross.  "A  bini  for  eiidurauce  of  lliglit 
probably  uurivalled.  Fountl  over  all  parts  of  tbe  Sontlieru  Oceau.  It 
Heldom  resta  ou  the  water.  Dtiriug  elorms,  even  tbe  most  terrific,  it  is 
seeu  DOW  dashing  through  tbe  whirliog  clondH,  and  now  serenely  tloat- 
iDg,  withoat  tbe  leant  observable  motion  of  its  outstretched  piuions." 
The  wings  of  this  bird  extend  14  or  15  feet  from  end  to  end,  and  meas- 
ure only  8^  inches  across  the  broadest  part.  This  couformatioD  gives 
the  bird  snch  an  extraordinary  sustaiiiing  power,  tbatit  iasaid  to  sleep 
Du  the  wing  during  stormy  weather,  when  rest  on  the  ocean  ia  impossi- 
ble. Uising  high  iu  tbe  air,  it  skims  slowly  down,  with  absolately  mo- 
tionless wiDgs,  till  a  near  approach  to  the  waves  awahens  it,  when  it 
lisee  again  for  another  rest. 

If  the  force  expended  in  actually  sOstaining  along-winged  bird  upon 
■  wide  and  unyielding  stratum  of  air,  daring  rapid  flight,  is  but  a  small 
IVaction  of  its  strength,  then  nearly  tbe  whole  is  exerted  in  overcoming 
direct  forwnrd  resistance.  In  the  ]>e]icau  referred  to,  tbe  area  of  the 
Iwdy,  at  its  greatest  diameter,  is  about  luO  square  inches ;  that  of  the 
pinioDS,  80.  But  as  tbe  contour  of  many  birds  during  flight  iippruxi- 
mates  nearly  to  Newton's  solid  of  least  resistance,  by  reason  of  this 
fonn,  acting  like  tbe  sharp  bows  of  a  ship,  the  opposing  force  against 
the  wind  mast  be  reduced  down  to  one  third  or  fourth  part ;  this  gives 
ooe-t«ntIi  of  a  horae-power,  or  about  half  tbe  strength  of  a  man,  ex- 
pended during  a  flight  of  30  miles  per  hour.  Judging  from  the  action 
of  Uie  living  bird  when  captured,  it  does  not  appear  to  be  more  iwwei- 
fnl  than  here  stated. 

The  trausvetse  ares  of  a  carrier  pigeon  during  flight  (including  tbe 
onlBtretched  wings)  a  little  exceeds  the  ratio  of  12  square  inches  for 
«9cb  pound,  and  the  wing  surface,  or  sustaining  area,  90  squiire  inches 
per  ponnd. 

Experiments  bare  been  made  to  test  the  resisting  power  of  conical 
Udies  of  various  forms,  in  the  following  manner:  A  tbin  lath  was 
Iilacod  horizuDtally,  so  as  to  move  freely  on  a  pivot  set  midway;  at  one 
end  of  the  lath  a  cirenlar  card  was  attached,  at  the  other  end  a  sliding 
clip  traversed,  for  holding  paper  cones,  having  their  bases  tbe  exact 
niieor  the  op|K>8ite  disk.  The  instrument  acting  like  a  steelyanl ;  and 
vheo  held  against  the  wind,  the  paper  cones  were  adjusted  at  diCTereut 
diBt&nces  from  the  center,  according  to  their  forms  and  angles,  iu  order 
to  balance  tbe  resistance  of  the  air  against  the  opposing  flat  surface. 
Tbe  resistance  was  found  to  be  diminished  nearly  in  the  ratio  that  the 
beight  of  the  cone  exceeded  the  diameter  of  its  base. 

It  might  be  expected  that  the  pull  of  the  string  of  a  flying  kit« 
Hbonid  give  some  indication  of  the  force  of  inclined  surfaces  acting 
against  a  current  of  air;  but  no  correct  data  can  be  obtained  in  this 
*'ay.  The  incline  of  a  kite  is  far  greater  than  ever  appears  in  the  case 
of  the  advancing  wing  surface  of  a  bird.  The  tail  is  purposely  made 
to  give  steadiness  by  u  strong  pull  backwards  t^m  the  actiou  Qf  ^^b. 
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wind,  wbicli  aXao  exerts  cuosiderable  force  on  the  snspended  cord,  wbicb 
for  more  tb»ii  balf  its  leugtb  bangs  nearly  perpendicniarly.  Bat  tbe 
kite,  08  a  means  of  obtaining  unlimited  lifting  and  tractive  power,  in 
oertain  cases  wbere  it  mjgbt  be  usefally  applied,  f^eems  to  have  beeo 
Boniewbat  neglected.  For  it«  power  of  raising  weights,  the  following 
quotation  is  taken  from  vol.  xli  of  the  Tranaactioiu  of  the  Soeietj/of 
Arts,  relating  to  Captain  Dauaej's  mode  of  comuinnicating  witb  a  lee- 
sbore.  The  kite  was  made  of  a  sheet  of  bolland  exactly  ^  feet  sqoare, 
extended  by  two  spars  placed  diagonally,  and  as  stretchetl  spread  a 
snrfdue  of  55  square  feet:  "The  kite,  in  a  stroug  breeze,  extended 
1,100  yards  of  line  five-ejghtbs  of  an  iuch  in  circumference,  and  would 
have  extended  more  bad  it  been  at  band.  It  also  extended  360  yards 
of  line,  1^  inches  in  circumferente,  weighing  60  pounds.  Tbe  bolland 
weighed  3j  ponndB ;  tbe  spars,  one  of  which  was  armed  at  the  head 
with  iron  spikes  for  the  purpose  of  mooring  it,  6J  pounds;  and  the  tail 
was  Ave  times  its  length,  composed  of  8  poouds  of  rope  and  14  of  elm 
plank,  weighing  together  22  pounds." 

We  have  here  the  remarkable  fact  of  92}  ponnds  carried  by  a  surface 
of  only  55  square  feet. 

As  all  such  experiments  bear  a  very  close  relation  to  the  subject  of 
this  pa|>er,  it  may  be  suggested  that  a  form  of  kite  should  be  employed 
for  reconnoitering  and  exploring  purposes,  in  lien  of  balloons  held  by 
ropes.  These  would  be  torn  tp  pieces  in  the  very  breeze  that  wonid 
render  a  kite  most  serviceable  and  safe.  In  tbe  arrangement  there 
should  be  a  smaller  and  upper  kite,  capable  of  sustaining  a  weight  of 
tbe  apparatus.  The  lower  kite  should  be  as  nearly  as  practicable  iu 
the  form  of  a  circular  flat  plane,  distended  with  ribs,  with  a  car  attached 
beneath  like  a  parachute.  Four  guy-ropes  leading  to  the  car  would  be 
required  for  altering  the  angle  of  the  plane — vertically  with  respect  lo 
the  horizon,  and  laterally  relative  to  the  direction  of  tbe  wind.  By 
these  means  the  observer  could  regulate  his  altitude  so  as  to  command 
a  view  of  a  country  in  a  ratlins  of  at  least  20  miles ;  he  could  reer  to  a 
great  extent  from  side  to  side,  from  the  wind's  course,  or  lower  himself 
gently,  with  the  choice  of  a  suitable  spot  for  descent.  Should  tbe  cord 
break  or  the  wind  fail,  the  kite  would,  in  either  case,  act  ns  a  para- 
chute and  as  such  might  be  purposely  detached  from  tbe  cord,  wbicb 
then  being  sustained  from  tbe  upper  kite,  could  be  easily  recovered. 
The  direction  of  descent  could  be  commanded  by  the  guy-rope,  these 
I>eing  hauled  taut  in  the  required  direction  lor  landing. 

The  author  has  good  reasons  for  believing  that  there  would  be  less 
risk  associated  with  tbe  employment  of  this  apparatns  than  the  recon- 
noitering balloons  that  have  now  frequently  been  made  nse  of  in  war- 
fare.* 

"The  jiracticul  application  of  tliesv  Hiiggtvitioiie  App«Ara  to  bave  hveu  sntici|Mt«<) 
Borueyi-ars  provioiiBly.  In  aHmall  woric,  atylei]  the  "HiBtory  of  ILe  Cbarvulant  or 
Kite  CarriBKo,"  pnblisLed  by    I>ongini>M  &  Co.,  kppe&ra  ttM~MlaKftw   rainatki: 


ON    AEBIAL   LOCOUOTION.      .  .    317 

The  wiogs  of  all  tiyiug  oreatores,  whether  of  birds,  bats,  batterflies, 
or  other  insects,  have  this  one  pecaliarity  of  stracturoio  common:  The 
froDtjorleadiDgedge,  is  rendered  rigid  by  bone,  cartilage,  or  a  thicken- 
ioj;  of  the  membrane ;  and  in  most  birds  of  perfect  flight  even  the  indi- 
ridaal  feathers  are  formed  npon  the  same  condition.  In  conseqaeuee 
of  this,  when  the  wing  is  waved  iu  the  air,  it  gives  a  {wrtiisteut  force  iu 
one  direction,  caused  by  the  elastic  re-action  of  the  fdllowing  portion  of 
Ibeedge.  The  fins  and  tails  of  fishes  act  upon  the  same  principle:  in 
tbe  most  rapid  swimmers  these  organs  are  termed  "  lobated  and 
poioted."  The  tail  extends  out  very  wide  transversely  to  the  body,  so 
ibitta  powerfnl  impulse  is  obtained  against  a  wide  stratum  of  water, 
on  the  condition  before  explained.  This  action  is  imitated  iu  Macin- 
tosh'd  screw-propeller,  the  blade  of  which  is  made  of  thin  steel,  so  as  to 
be  elastic.  While  the  vessel  is  stationary,  the  blades  are  in  a  line  with 
the  keel,  bat  during  rotation  they  bend  on  one  side  more  or  less,  accord- 


"TfetM  bDoyant  sails,  pOBMsBiog  imioeiwe  power,  will,  as  ve  have  before  remarked, 
ttnt  as  floatiug  obMrvatorien.  •  -  -  Elevated  in  the  air,  a  single  sentiDel, 
■ith  ■  penpective,  could  watch  and  report  theulvauce  of  the  most  powerful  furcoa, 
■liilc  jet  at  a  great  diataDce,  He  could  mark  their  line  of  march,  the  compoeitioti 
ofiheit  Ibree,  and  their  genera)  streogtb,  long  before  hecouIdbeoMob;  the  enemy." 
ipin,  at  page  &3,  we  have  an  acooDDt  of  ascents  actually  made  as  follows:  "  Nor 
■i«  teas  progress  made  in  theeiperimental  department,  vrbea  large  weights  were  re- 
ipani  to  be  raised  or  transposed.  White  on  this  subject,  vreninit  not  omit  toobserre 
tbst  tb«  Brst  person  who  soared  aloft  iu  the  air  by  this  invention  waa  a  ladf ,  whose 
HiDtigR  would  not  be  (denied  this  test  of  lis  strengtb.  An  arm-chair  was  brongbt  ou 
ihe^nnd,  then  lowering  the  cordage  of  tbe  kite  by  slackening  the  lower  brace,  the 
rtuir  was  firmly  laebed  to  tbe  main  line,  and  Ihelady  took  her  seat.  The  maio-braoe 
king  hauled  tiiut,  the  hnge  buoyant  Bail  rose  aloft  with  its  futr  burden,  continning 
Id ucend  to  tbe  beigbt  of  100  yards.  Oo  descending,  sbo  expressed  herself  much 
piuMd  wiih  the  even  motion  of  tbe  kite,  and  tbu  deligbtrul  prospect  sbe  bad  enjoyed. 
3ooD  ifUr  this,  auotLer  experiment  of  a  similar  niituro  took  place,  nhea  the  inveot- 
"t't  MQ  lucceaffnlly  carried  out  a  design  not  less  safe  than  bold — that  of  scaling,  by 
ibi) puirerfirl  aerial  machine,  tbe  brow  of  a  cliff  200  feet  in  perpendicular  height. 
K'TF,  ifter  safely  landing,  he  again  took  bis  seat  iu  a  chair  expressly  preprTod  for 
tbe  parposfl,  and,  detaching  tho  swiveL-line,  which  kept  it  at  its  elevalion,  glided 
paiij  donn  the  cordage  to  tbe  hand  of  the  director.  The  bnoyant  sail  employed  on 
ibii  occasiou  waa  30  feet  in  height,  with  a  proportionate  spread  of  canvas.  The  rise 
"ftlie  machine  was  most  majestic,  and  notbiug  could  surpass  the  sleailiness  with 
■liicli  it  was  maneuvered,  the  certainty  with  which  it  answered  the  action  of  Ihe 
bnces,  and  the  ease  with  which  its  power  waa  lessened  or  increased.  -     -    Sub 

wioently  to  this,  an  eiperimcut  of  a  very  bold  aud  novel  character  was  made  upon 
ineilcosivedown,  where  a  wi^on  with  a  considerable  load  was  drawn  along,  whilst 
Ibis  huge  machine,  at  tbe  sauie  time,  carried  an  observer  aloft  iu  tbe  air,  realizing 
almost  tbe  mmonoe  of  flying." 

Il  may  be  remarked  that  Ifae  brace-lines  here  referred  to  were  conveyed  down  the 
uiiU'line  ind  mnuageil  below ;  but  it  is  evideut  that  tbe  same  lines  could  be  managed 
*iUi  equal  facility  by  tbe  person  seated  in  the  car  above;  aud  if  tbe  main- line  were 
ttticlied  toa  water-drag  instead  of  a  wheeled  car,  the  adventurer  could  cross  rivets, 
IUn,or1>a)B,  with  cuusiderable  latitude  for  steering  uud  selecting  tliu  i>oint  of 
UndiDg,  by  banliug  on  the  port  or  starboard  brace-lines  as  required.  And  from  tbe 
oni/ormily  of  tbe  resistance  offered  by  tbe  water  drag,  this  eiperimeut  could  not  l« 
Ut«ided  with  any  greater  amount  ofrisklhan  aland  flight  by  the  same  means.      ^,  L, 
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ing  to  the  speed  and  degree  of  propnlsion  required,  and  are  tfans  self- 
compensating ;  and  could  pntctical  difBcalties  beovercome  wonld  prove 
to  bo  a  form  of  propeller  perfect  in  theory. 

In  tbe  flying  mechanism  of  beetles  there  is  a  diSerenoe  of  arrange- 
ment. Wlien  the  elytra,  or  wing-cases,  are  opened,  tbe;  are  checked 
by  a  stop,  vbich  sets  them  at  a  Hsed  angle.  It  is  probable  that  these 
serve  as  "aero-plaues,"  for  carrying  tbe  weight  of  the  insect,  while  a 
delicate  membrane  that  folds  beneath  acts  more  as  a  propelling  than  a 
sopporting  organ.    A  beetle  can  not  fly  with  the  elytra  removed. 

The  wing  of  a  bird  or  bat  is  both  a  supporting  and  propelling  organ, 
and  flight  is  [>erformed  in  a  rapid  course,  ns  follows :  During  the  down- 
stroke  it  can  t>o  easilj'  imagined  how  the  bini  is  snstained;  but  in  the 
np-stroke  the  weight  is  also  equally  well  supported,  for  in  raising  the 
wing  it  is  slightly  inclined  upwards  against  tbe  rapidly  passing  air,  and 
as  this  Hugle  is  somewhat  in  excess  of  the  motion  due  to  the  raising  of 
the  wing,  tho  bird  is  snstained  ns  mach  during  the  up  as  the  down 
stroke — in  fact,  though  tbe  wing  may  be  rising,  tbe  bird  is  still  pressing 
against  the  air  with  a  force  eqnal  to  the  weight  of  its  botly.  The  fac- 
ulty of  turning  up  the  wing  may  be  easily  seen  when  a  large  bird 
alights,  for  after  gliding  down  its  aerial  gradient,  on  itsapproaeh  to  tbe 
gronnd  it  turns  up  tbe  plane  of  its  wing  against  the  air;  this  checks  its 
descent,  and  it  lauds  gently. 

It  has  before  been  shown  how  utterly  inadequate  the  mere  perpen- 
diculiir  impulse  of  a  plane  ia  found  to  be  in  supporting  a  weight  wheo 
there  is  no  horizontal  motion  at  the  time.  There  ia  no  material  weight 
of  air  to  be  acted  npon,  and  it  yields  to  the  slightest  force,  however  great 
the  velocity  of  impulse  maybe.  On  the  other  hand,  suppose  that  a 
large  bird  in  full  flight  am  make  40  miles  per  hour,  or  3,51.'0  feet  per 
minute,  and  i>ertorm  one  stroke  per  second.  Now,  during  every  frac- 
tional portion  of  that  stroke  tbe  wing  is  acting  upon  and  obtaining  an 
impulse  from  a  fresh  and  undisturbed  body  of  air,  and  if  the  vibration 
of  the  wing  is  limited  to  an  arc  of  2  feet,  this  by  no  means  represents 
the  small  force  of  action  that  would  be  obtained  when  in  a  stationary 
position,  for  tho  impulse  is  secured  upon  a  stratum  of  5S  feet  in  length 
of  air  at  each  stroke.  So  that  the  conditions  of  weight  of  air  for  obtain- 
ing support,  equally  well  apply  to  weight  of  air  and  its  reaction  in  pro- 
ducing forward  impulse. 

So  necessary  is  the  acquirement  of  this  horizontal  speed,  even  in 
commencing  flight,  that  most  heavy  birds,  when  possible,  rise  against 
the  wind,  and  even  run  at  the  top  of  their  speed  to  make  their  win^ 
available,  as  in  the  example  of  the  eagle,  mentioned  at  the  commence- 
ment of  this  paper.  It  is  ttatcd  that  the  Arabs  on  horseback  can 
approach  near  enough  to  spear  these  birds,  when  on  tho  plain,  before 
they  are  able  to  rise.  Their  habit  is  to  percb  on  an  eminence  where 
possible. 

The  tail  of  a  bird  is  not  necessary  for  flight.    A  pigeon  can  fly  per- 


.  pigeon  ca 
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ftctly  with  this  appendage  cat  sliort  off;  it  probably  performs  an  im- 
portant function  in  rapid  steering,  for  it  is  to  be  remarlted  tliat  most 
binls  that  liave  eitlier  to  pnrsne  or  evade  pnrsnit  are  amply  provided 
irilli  tbis  organ. 

"Hie  foregoing  reasoning  is  based  ui>on  facts,  whicli  tend  to  show  tbat 
the  Oigbt  of  the  largest  and  heaviest  of  all  birds  is  realJy  performed 
with  but  a  small  amount  of  force,  and  that  man  is  endowed  with  suffl- 
deot  mascnlar  power  to  enable  bim  also  to  take  individnat  and  extended 
flights,  and  that  success  is  probably  only  involved  in  a  question  of  suit- 
ahle  mechaoical  adaptations.  But  if  the  wings  are  to  be  modelled  in 
imitation  of  natural  examples,  but  very  little  consideration  will  servo 
lo demonstrate  its  utter  impracticability  when  applied  in  these  forms. 
Tbe  following  diagram,  Fig.  1,  would  be  about  the  proportions  needed  for 


»iiian  of  medium  weight.  The  wings  a  a  must  extend  out  GO  feet  from 
fsi  to  end  anil  measure  i  feet  across  the  broatlest  part.  The  man,  b, 
slioald  be  in  a  horizontal  position,  incased  in  a  strong  frame-worlc,  to 
irhich  the  wings  are  hinge<l  at  c  c.  The  wings  must  be  stiffened  by 
eiaacic  ribs  extending  back  from  the  pinions.  These  must  be  trussed 
bvatbin  band  of  steel,  e  e,  Fig.  3,  for  the  purpose  of  diminishing  the 


Rfight  and  thickness  of  the  spar.  At  the  front,  where  the  pinions  are 
liinged,  there  are  two  levers  attached  and  drawn  together  by  a  spiral 
8[iriDe,<f,  Fig.  2,  the  tension  of  which  is  safQcient  to  balance  the  weight 
of  the  body  aud  machine  and  canae  the  wings  to  be  easily  vibrated  by 
the  movement  of  the  feet  acting  on  the  treadles.  This  spring  serves 
tbe  purposeof  the  pectoral  muscles  in  birds.  But  with  all  such  arrange- 
ments the  apparatus  most  fail ;  length  of  wiTig  is  indispensable !  and  a 
spar 30  feet  long  must  be  strong,  heavy,  aotl  cumbrous;  to  propel  this 
along  through  the  air  at  a  high  speed  would  reqnlre  more  power  than 
an;  man  conid  commaud. 

In  repudiating  all  imitations  of  natural  wings,  it  does  not  follow  that 
tlie  only  channel  is  closed  in  which  fiying  mechanism  may  prove  sue- 
*^i^iil.  Though  binls  do  dy  upon  definite  mechanical  principles  and 
*itb  a  moderate  exertion  of  force,  yet  the  wing  must  necessarily  be  a 
lital  organ  and  member  of  theliviug  body.  It  must  have  a  marvellous 
Klf-acting  principle  of  repair  iu  ease  tbe  feathers  are  broken  or  torn ; 
>C  Diuat  also  fold  up  in  a  small  compass  and  form  a  covering  for  the 
body. 
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These  coDsideratioDB  bear  no  relfttioii  to  nrtifieiul  wiagu ;  tw  iu  de- 
'  eigaiog  a  flying- mftvbiue,  any  de^i»tiori8  are  admissible,  proTide<1  the 
tbeoretical  coiiditious  involved  in  flight  are  borne  iti  mind. 

Having  remarked  bow  thin  a  stratum  of  uir  \»  displaced  beneiitb  Itie 
wings  of  a  bird  iu  rapid  flight,  it  followa  that  iu  order  to  obtaiu  llie 
necessary  leitj/fft  of  plane  for  supporting  heavy  weights,  tbe  surfaces  luay 
be  soperposetl,  or  placed  in  parallel  rows,  witb  au  interval  between 
then.  A  dozen  pelicans  may  fly  one  above  tbe  other  without  mntaal 
impedimeut,  as  if  framed  together ;  and  it  is  thus  shown  bow  2bnD- 
died-weight  may  be  snpported  in  a  transverse  distance  of  only  10  feet. 

In  order  to  test  this  idea,  six  bands  of  stiff  paper,  3  feet  long  and  3 
inches  wide,  were  stretched  at  a  slight  upwanl  aogle,  in  a  light  rectan- 
gular frame,  with  an  interval  of  3  inches  between  them,  tbe  arrange- 
ineut  resembling  an  opeu  Veiietiau  blind.  When  this  was  beld  against 
a  breexe,  tbe  lifting  power  was  very  great,  and  even  by  running  with 
it  in  a  calm  it  required  much  force  to  keep  it  dowu.  The  success  of 
this  model  led  to  tJie  construction  of  one  of  a  sufficient  size  to  cariy  the 

ng.3. 


weight  of  a  man.  Fig.  3  represents  the  arrangement :  a  a  is  a  tliin 
plank,  taiieretl  at  the  outer  ends,  and  attached  at  the  base  to  a  triangle, 
b,  made  of  similar  plank,  for  the  insertion  of  the  boily.  The  boanls 
a  a  were  trussed  with  thin  bands  of  iron,  c  e,  and  at  the  ends  were  ver- 
tical rods,  d  d.  Between  these  wore  stretched  five  bands  of  holland,  15 
inches  broad  and  16  feet  long,  the  total  length  of  tbe  web  tieing  80  feet. 
This  was  taken  out  aftor  dark  into  a  wet  piece  of  meadow  land,  cue 
Novemlier  evening,  during  a  strong  breeze  wherein  it  became  «inite 
an  manageable.  Tbe  wind  acting  upon  the  already  tightly-stntcbdl 
webs,  their  uniteil  pull  caused  the  central  boards  to  bend  considerably, 
witb  a  twisting,  vibratory  motion.  During  a  lull,  the  bead  and  shoul- 
ders were  inserted  iu  tbe  triangle,  with  the  chest  resting  on  the  b»ae- 
board.  A  sudden  gust  caught  up  the  experimenter,  who  was  carried 
some  distance  from  the  grouud,  and  the  affair  faUing  over  sidowaya 
broke  up  the  right-hand  set  of  webs. 

In  all  new  machines  we  giiin  experience  by  repeated  failures,  which 
frequently  form  tbe  stepping-stone  to  ultimate  success.  The  nide  con- 
trivance just  described  (which  was  but  the  work  of  a  few  hours)  hatl 
tangbt  first  that  the  webs,  or  aero-planes,  must  not  be  distendetl  in  a 
frame,  as  this  must  of  necessity  be  strong  and  heavy,  to  withstand 
their  combined  teusioti ;  second,  that  the  planes  must  be  made  so  as 
either  to  furl  or  fold  up,  for  *ho  sake  of  portability. 
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lo  order  to  meet  these  conditions  the  followiog  arraogemeut  was  artor- 
vards  tried :  a  a.  Figs,  i  and  5,  m  the  maiu  apar,  16  feet  loug,  balf  au 


inch  ttiick  at  the  base,  aod  tapered  both  in  breailtii  and  tliicknesstotbe 
end ;  to  this  spar  was  fasteoecl  the  paneU  b  b,  having  a  base  board  for 
the  support  of  tbe  body.  ITiider  tbis  and  fastened  to  the  end  of  the 
miiaspar  is  a  thin  steel  tie-band,  ee,  with  struts  starting  from  the  spur. 
This  serves  as  a  foandation  of  the  superposed  aero  planes,  and  though 
Terj  light,  was  found  to  be  exceedingly  strong,  for  when  the  ends  ^f 
the  spar  were  placed  upou  supports,  the  middle  bore  the  weight  of  the 
body  withoat  any  strain  or  deflection;  and  further,  by  separation  at 
the  base-board,  the  spars  could  be  folded  back  with  a  hinge  to  half  their 
length.  Above  this  were  arranged  the  aero  planes,  consisting  of  six 
webs  of  thin  hollaud  15  inches  broad  ;  these  were  kept  in  parallt>l  planes 
by  vertical  divisions  2  feet  wide,  of  the  same  fabric,  so  that  when  dis- 
tended by  a  current  of  air,  each  2  feet  of  web  pulled  in  opposition  to 
its  neighbor;  aDdfinaIly,at  theen(1s(wfaich  were  each  sewn  over  hiths) 
>  pall  due  to  only  2  feet  had  to  be  counteracted,  instead  of  the  strain 
ariwng  from  the  entire  length,  as  in  the  former  experiment.  The  end- 
PdII  was  aostained  by  vertical  rods,  sliding  throngh  loops  on  the  trans- 
verse ones  at  the  ends  of  the  we^s,  the  whole  of  which 
could  fall  flat  on  the  spar  till  raised  and  distended  by  a 
breese.  The  top  was  stretched  by  a  lath,/,  and  ihe 
Bfstem  kept  vertical  by  stay  cords  taken  from  a  bow- 
sprit carried  out  in  front,  shown  iu  Fig.  6.  All  the 
front  edges  of  the  aero- planes  were  stiffened  by  bands 
of  crinoline  steel.  This  series  was  for  the  supporting 
sriaugement,  being  equivalent  to  a  lengthof  wingof  DOfect.  Exlerior 
to  this,  two  propellers  were  to  be  attached,  turning  on  spindles  just 
»b9rp  Uie  back.  They  are  kept  drawn  up  by  a  light  spring,  and  pulled 
H.  Mis.  224 — -21 
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dowD  by  cords  or  chaius  ruoujug  over  pallets  in  the  panels  6  b,  and 
fastened  to  the  end  of  a  sw iveling  cross-yoke,  sHdiog  on  the  base-board. 
By  workiug  this  cross-piece  with  the  feet,  motion  will  be  communicated 
to  the  propellers,  and  by  giving  a  longer  stroke  with  one  foot  than  tlie 
other  a  greater  extent  of  motiou  will  be  given  to  the  corresponding  pro- 
l>eller,  thus  enabling  the  machine  to  tarn  just  as  oars  are  worked  in  a 
rowing>boat.  The  propellers  act  on  the  same  principle  as  the  wing  of  a 
bird  or  bat;  their  ends  being  made  of  fabric,  stretched  by  elastic  rihs, 
a  simple  waving  motion  up  and  down  will  give  astroug  forward  impulse. 
In  order  to  stop,  the  legs  are  lowered  beneath  the  base-board,  and  tbe 
csi>erimeuter  must  run  against  the  wind. 

An  experiment  recently  made  with  this  apparatus  developed  a  cause 
of  failure.  The  angle  required  for  producing  the  requisite  supporting 
lK>wcr  was  found  to  be  so  small,  that  the  crinoline  steel  would  not  keep 
the  front  edges  in  tension.  Some  of  them  were  borne  downward  and 
more  on  one  side  than  the  other,  by  the  operation  of  the  wind,  and  this 
also  produced  a  strong  fluttering  motiou  in  the  webs,  destroying  the 
integrify  of  their  plane  surfaces,  and  fatal  to  their  proper  action. 

Another  arrangement  has  since  been  constructed,  having  laths  sewn 
in  both  edges  of  the  webs,  which  arc  kept  permanently  distended  by 
cross-stretcliers.  All  these  planes  are  hinged  to  a  vertical  central 
board,  so  as  to  fold  back  when  the  bottom  ties  are  released ;  bat  the 
system  is  much  heavier  than  the  former  one,  and  oo  experiments  of  any 
consequence  have  as  yet  been  tried  with  it. 

It  may  be  remarked  that  although  a  principle  is  here  definedf  yet 
considerable  difficulty  is  experieucetl  in  carrying  the  theory  into  prac- 
tice. When  the  wind  approaches  to  15  or  20  miles  per  hoar,  the  lifting 
power  of  these  arrangements  is  all  that  is  requisite,  and  by  additional 
planes,  can  l»e  increased  to  any  extent ;  but  the  capricious  nature  of  the 
ground-currents  in  a,  perpetual  source  of  trouble. 

Great  weight  does  not  appear  to  be  of  much  consequence,  if  oarritd 
in  the  body ;  but  the  aero-planes  and  their  attachments  seem  as  if  they 
were  required  to  be  very  light,  otherwise  they  are  awkward  to  otwry, 
and  impede  the  movements  in  running  and  making  a  start.  In  a 
dead  calm  it  is  almost  impracticable  to  get  safBcient  horizontal  speed 
by  mere  runninff  alone  to  raise  the  weight  of  the  body.  Once  off  the 
ground,  the  speed  must  be  an  increasing  one,  if  continued  by  suitable 
propellers.  The  small  amount  of  experience  as  yet  gained  appew^  to 
indicate  that  if  the  aeroplanes  could  be  raised  in  detail,  like  a  super 
imsed  series  of  kites,  tbey  would  first  carry  the  weight  of  tkemaohioe 
itself,  and  next  relieve  that  of  the  body. 

Until  the  last  few  months  no  substantial  attempt  has  been  made  to 
construct  a  flying- machine  in  accordance  with  the  principle  Involved 
in  this  piiper,  which  was  written  seven  years  ago.  The  anther  trusts 
that  he  has  contributed  something  towards  the  elucidation  of  a  new 
theory,  and  shown  that  the  flight  of  a  bird  in  its  per^^QmiiMidoea  not 
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reqaire  that  eoormoaa  amouot  of  forc«  usually  supposeil,  aud  tliat  in 
Tttct  birds  do  not  exert  more  power  in  dyitig  than  quadrupeds  iu  ruo- 
uiug,  but  considerably  less ;  for  tbe  wiug  moremeuts  of  a  large  bird, 
travelling  at  a  far  higber  speed  in  tbe  air,  are  very  much  slower;  and 
where  weight  is  coacerned,  great  velocity  of  action  in  tbe  locomotive 
organs  is  associated  with  great  force. 

It  is  to  be  hoped  that  further  experimeuta  will  confirm  the  correcC- 
nees  of  these  observations,  and  with  a  sound  working  theory  npon 
vbich  to  base  his  operations  man  may  yet  command  the  air  with  the 
swne  btcility  that  birds  now  do. 
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ON  THE  MOVEMENTS  OF  TBE  EARTH'S  ORdST. 


By  a.  Blttt.* 

Translated  bj  W.  8.  Dallas,  P,  L.  8. 


This  memoir  is  an  attempt  to  further  develop  and  establisb  ideas 
vbich  I  pat  forward  five  years  ago.  It  contains  an  attempt  to  establish 
achroQology  in  geology.  It  sets  forth  what  the  English  call  "a  work- 
ing hypothesis,"  without  claiming  to  be  anytbiug  else.  It  was  the  dis- 
tribution of  plants  which  first  introduced  the  author  to  this  great  ques- 
tion ;  bat  the  problem  of  a  chronology  in  geology  can  not  be  solved 
TJthont  tlie  cooperation,  it  may  perhaps  be  said,  of  all  naturalists.  It 
certainly  can  not  finally  be  solved  by  any  one  man.  In  pattiog.forth 
m;  hypothesis  I  must  in  the  first  place  beg  for  indulgence  for  the  many 
faalts  and  imperfections  with  which  sach  an  attempt  must  be  affected, 
aud  express  a  hope  that  in  any  case  the  hypotliesia  may  be  found  worthy 
of  being  farther  tested. 

Having  endeavored  in  several  memoirs  on  the  distribution  of  plants, 
OD  peat-mosses,  shorelines,  terraces,  and  morainic  ridges,  to  show  that 
climates  nndergo  periodical  changes,  I  published  in  the  Transactions 
of  the  Society  of  Sciences  for  1883  (No.  9)  a  memoir  on  alternation  of 
Btnta  and  its  possible  significance  for  the  chronology  of  geology  and 
the  theory  of  the  modiflcation  of  species.  Theessential  contents  of  this 
paper,  as  regards  the  present  question  of  geological  chronology,  were 
w  follows: 

Alternations  of  strata,  under  which  term  is  understood  an  alternation 
of  geological  formations  of  difTerent  constitution,  can  be  produced  by 
local  conditions  of  rapidly  passing  change,  without  the  action  of  general 
!>ud  persistent  causes.  Bat  there  are  also  causes  of  the  latter  kind 
which  effect  an  alternation  of  the  strata.  Two  such  periodically  acting 
caues  are  traceable  in  the  geological  series  of  deposits — a  shorter, 

'"On  the  probable  caase  of  the  Diaplftoetnent  of  Sbore-lines,~an  attempt  at  a 
CnldgicBl  Cbronologf ."  Bead  at  the  Qeoera)  Meettnga  of  the  Society  of  Science  of 
CbtiitiBDlA,  December  9,  1887,  and  June  1,  1S88.  Translated  from  the  A>f  Magmtn 
ff  IfturoidaiikaierM,  1889;  Bd.  XXXi.,  pp,  MO-297.  (From  the  London,  Edxnburgh, 
Hd  Ihtilij,,  FkiloM>pkical  Magaiint,  Hay  and  Jane,  1889,  vol.  xx\'ii,  pp.  405-439, 
«n4«7-51flL> 
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somewhat  regular  one,  and  a  longer,  more  irregalar  cue.  The  former 
effects  a  cbaage  of  climate,  the  strength  of  the  marine  cnrrentB  idter- 
iiately  (limiiiishiog  and  innreasing  daring  tbousandsof  years ;  the  latter 
longer  period  effects  a  rise  or  fall  of  the  sea  in  relation  to  t^e  land,  and 
an  alternation  of  deep-sea  formations  with  shore-formations  or  fresh- 
water deposits.  The  opinion  has  been  expressed  that  these  periods, 
which  are  traced  in  the  series  of  deposits,  might  possibly  stand  in  ood- 
nection  with  the  two  cosmical  periods  revealed  by  astronomy — the  pre- 
cession of  the  equinoctial  points,  and  variations  in  the  ecceotrit^t^  of 
the  earth's  orbit;  althongh  in  the  memoir  referred  to  it  is  not  attempted 
to  show  in  what  manner  such  a  connecUon  conid  be  established.  Bat 
if,  with  the  aid  of  these  two  hypotheses,  we  constract  an  "artificial" 
series  of  strata,  we  find  that  one  with  no  less  than  forty-six  changes  of 
deposit  may  be  recognized,  bed  by  bed,  in  the  Tertiary  formations  o( 
the  Paris  basin. 

The  result  may  encourage  us  to  test  still  further  the  corrootness  of 
the  two  snppositious.  As  regards  the  precession  this  has  been  at- 
tempted in  mypaper  "On  the  probable  cause  of  the  periodical  change 
in  the  strength  of  the  marine  carrents."* 

The  contents  of  this  memoir  are  essentially  as  follows :  The  preces- 
sion of  the  eqatnoctial  lines  canses  the  summers  in  about  10,500  years 
to  be  longer,  and  in  the  following  10,500  years  shorter,  than  the  win- 
ters. The  conditions  are  opposite  iu  the  northern  and  southern  hemis- 
pheres. The  difference  between  the  number  of  winter  and  summer 
days  increases  with  the  eccentricity  of  the  earth's  orbit 

The  cooling  of  continents  under  high  latitudes,  in  the  winter,  produces 
a  diminished  pressure  of  air  over  the  sea.  This  low  pressure  draws  air 
from  lower  latitudes.  For  this  reason,  in  the  Atlantic,  southwest  winds 
prevail.  Thus,  in  the  winter,  the  southwest  winds  of  the  Xorth  At- 
lantic are  on  an  average  three  times  as  strong  as  in  the  summer,  in  cod- 
sequence  of  the  great  refrigeration  of  the  mainland.  Id  the  semi-period 
when  the  winter  falls  in  aphelion  the  average  annual  wiud-force  is  oou- 
seqoently  greater.  Now  it  is  the  prevalent  wind  that  produces  tbe 
powerful  marine  currents,  such  as  the  warm  current  in  the  Atlantic 
Ucean.  The  strength  of  the  marine  cnrrents  is  dependent  upon  tbe 
average  wind-force  for  the  last  great  time  period.  £fow  aa  this  aver- 
age wind-force  is  periodically  variable  in  consequence  of  the  preoessioos, 
the  strength  of  marine  currents  and  the  temperature  of  tbe  sea  mast 
also  be  subject  to  a  periodical  variability.  For  about  10,500  years  the 
warm  sea-current  will  increase,  to  diminish  in  tbe  next  similar  period, 
and  so  on  constantly  through  all  time.  When  the  winter  falls  in 
aphelion,  the  difference  hetweeu  the  littoral  and  inland  climates  wiH 
increase.  The  propelling  force  of  currents  in  the  sea  will  increase  and 
diminish  by  1  to  6  per  cent,  upon  their  total  annual  value  according  u 

;  Arekicf.  Matli.  og  JfaUrr.,  n- 
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the  winter  falla  in  npbelioii  or  perihelioD,  an<l  according  ns  the  ecceD- 
trieity  of  tbc  earth's  orbit  is  Btnall  or  great. 

Safifa  an  nlteratioi)  in  tbe  streugth  of  the  marine  cnrrents  vill  pro- 
dnce  an  alteratiou  of  the  climate,  which  bowerer  will  not  be  very  im- 
portaiit-,  bot  which  will  nevertheless  be  great  enough  to  leave  its  traces 
in  the  deposits.  Daiing  colder  and  drier  seasons  the  streams  arc  fed  in 
great  part  by  spring  water.  This  water  has  drained  slowly  through 
the  beds  and  is  charged  with  dissolvetl  materials;  t)ut  the  smalt  quan- 
tity of  water  and  the  fvebler  streams  carry  less  clay,  sand,  and  gravel. 
Daring  rainy  seasons,  the  rain  carries  down  quantities  of  such  materi- 
als, but  it  flows  off  rapidly,  and  as  it  for  the  most  part  runs  only  over 
tbe  surface  it  has  not  time  to  dissolve  so  munli.  Although  the  springs 
floir  more  abundantly  during  rainy  seasons,  their  water  only  mingles 
with  the  rain-water.  The  streams  are  therefore  poorer  in  dissolved 
material,  but  they  contain  more  water,  and  their  more  powerful  current 
carries  more  clay,  sand,  and  gravel  into  Che  basin.  Hence  the  drier 
seasons  will  be  richer  in  purely  chemical  deposits,  which  will  be  trans- 
ported in  the  clearer  water;  tbe  wet  seasons  in  mechanical  deposits. 
Strata  of  both  kinds  are  formed,  of  couise,  at  all  times,  but  they  are 
deported  at  different  places  in  accordance  with  the  variation  in  the 
qnantity  ofraiii.  Tims,  I  assume  that  when  thick  deposits  of  river- 
taud  and  clay  alterniitc  with  each  other,  when  soft  clay  and  marl  alter- 
nate with  hanl  nmri  or  limestone,  when  thick  strata  of  loose  saud  alter- 
nate with  sandstone,  which  is  bound  together  by  chemically  produced 
cement  (iron,  silica,  lime),  when  clay  alternates  with  Septaria-beds,  etc., 
tben,  in  each  case,  the  Arst- named  deposit  shows  itself  to  belong  to 
KWoDs  with  a  warmer  sea  and  a  greater  quantity  of  rain,  which,  as 
regards  western  Europe,  will  mean  seasous  with  the  winter  in  aphelion. 

That  this  alternation  of  deposits  implies  a  jicriod  of  se\'eral  thonsand 
.years'  duration  is  shown  by  the  fact  that  the  fossils  change  rapidly 
tiiroagh  the  strata.  In  the  Tertiary  fonoations  there  are  only  a  few, 
oftui  only  four  to  five,  such  changes  of  deposits  in  each  stage.  The 
whole  Oligocene  period  has  only  about  thirty,  the  Miocene  still  fewer, 
■od  the  Pliocene  barely  twenty  such  changes. 

In  this  way,  ill  my  opinion,  the  precessions  stamp  themselves  upon 
tbe  strata,  and  this  should  therefore  furnish  a  means  of  measuring 
time.  The  greater  the  eccentricity  of  the  orbit,  the  more  strongly 
tnnrked  will  the  periods  be ;  when  the  orbit  approaches  the  circular 
fomi,  they  are  less  recognizable.* 

*Balth«  perihalion  »lto  shifla  to  and  fro.  Tbe  time  between  two  aplielia  iii  tbe 
■inter  Mbtice  varied  thn«  in  po«t-glM:laI  times  h;  folly  4600  years.  Tbia  uiidt  bave 
■MM  InSaeDoe.  Tbe  loDger  a  period  with  winters  in  aphelion  lasts  tbe  lonfcer  will 
■be  wtim  correnla  Id  the  Atlantic  increase  in  strength,  and  the  greater  will  b«  the 
ckngatof  cliniatM.  The  mild  period  dnring  which  BergenlaTi  ses-aniinals  lived  in 
ttw Chriiti»iilA  Fjord,  and  whiobbas  l«ft  its  tracnaeltwwhere  in  our  bemiapbere,  waa 
iam; opinion,  a  conseqneDce  uf  sncb  an  nnnsnally  long  period  with  th«. winter. in 
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Beferriug  for  otlier  tilings  to  the  two  memoirs  cited  aud  to  iny  paper 
"Ou  Variations  of  the  Westber  in  the  conrse  of  time"  {Letttntedtdx 
Ifordisk  Tidthrift,  1885,  in  English,  in  Fork.  Vxd.  Seltk.  i  CkrUtuutid, 
1886,  No.  8)  1  vill  pass  on  to  examine  whether  there  ia  any  probable 
ground  for  supposing  that  the  other  proposition  is  also  correct,  whether 
it  is  conceivable  that  under  high  latitudes  the  sett-level  rises  and  sinks 
witli  the  eccentricity  of  the  earth's  orbit. 

Great  part  of  the  earth's  surface  consists  of  strata  which  still  lie  nii- 
diatnrbed  in  their  original  horizontal  position.  These  parts  are  called 
"  tables"  by  Sness.  But  in  many  places  the  crnst  of  the  earth  is  so 
traversed  by  clefts  and  fissures  that  it  may  be  compared  to  a  breccia. 
Fragments  are  often  displaced  relatively  by  thousands  of  feet.  Strata 
which  originally  lay  horizontally  are  folded,  thicknesses  of  7,000  to8,000 
feet  are  bent  as  if  they  were  straws  (Kjernlf,  Udsigt  over  Iforget  Qeologi, 
1879,  p.  76).  Moreover,  the  folded  strata  are  upheaved  far  above  their 
original  level.  Even  marine  formations  so  recent  as  the  Eocene  are  ii|>- 
lifted  to  heights  of  21,000  feet  above  the  sea  (Suess,  AntlitzderErde,\, 
p.  564).  Sometimes  they  stand  vertically,  or  are  inverted,  so  that  older 
strata  cover  the  younger  ones.  Through  fissures  eruptive  masses  are 
brought  forth,  and  have  covered  thousands  npou  thousands  of  square 
kilometers.  The  distribution  of  land  and  sea  also  varies.  It  is  indeed 
supposed  that  the  great  depths  of  the  ocean  and  the  great  contineDta 
have  essentially  retained  their  original  distribution  from  the  most  au- 
cient  times,  bat  the  shore-lines  wander  periodically  to  and  fro;  and  these 
changes  of  the  earth's  surface  have  taken  place  ^m  earliest  times, and 
are  still  in  action  at  the  present  day. 

Geologists  in  general  seek  the  explanation  of  these  phenomena  iii  the 
cooling  aud  contraction  of  the  body  of  the  earth.  The  earth's  crust 
folds,  just  as  the  akin  of  an  apple  wrinkles  as  the  apple  dries.  The  lead- 
ing geologist-s  of  the  present  day  adopt  this  theory,  and  A.  Geikie  in  his 
"Text-book  of  Geology"  (London,  1882,  p.  287)  says  truly:  "With 
modificatious,  the  maiu  cause  of  terrestrial  movements  is  still  sought  in 
secular  contfiiction." 

According  to  this  doctrine  changes  in  the  crust  of  the  earth  are  doe 
to  the  interior  contracting  more  strongly  than  "  the  crust,"  so  that  the 
latter  is  too  large  for  it.  Its  weight  drags  it  down.  By  this  meaoa 
great  horizontally  actiug  pressure  is  produced  in  the  crust,  which  must 
then  become  folded  and  cracked  in  places.  The  fragments  sink  down. 
By  this  means  are  formed  what  Suess  has  called  "  Einbriiche."  When 
a  part  of  the  crust  remains  in  position  while  all  around  it  sinks,  there 
is  produced  what  Suess  has  called  a  "  Horst."    The  old  theory  of  forces 

aiibelioD,  Tbe  winter  aalatice  full  io  aphelion  (acoording  to  Cnill) $1,300, 33,30l},ud 
11,700  years  ago.  Tbe  middta  of  tbe  Atlantio  period  witb  Bergeuiaii  aea-aoinub  in 
the  CbriBtiaoift  Fjord  foil,  fl-om  the  teatimoiiy  of  the  peat-mosws  33,000  to  34,000  jf* 
ago,  therefore  iu  accordance  nith  tbe  period  of  98,000  yean. 
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actiDg  vertically  from  bulow  is  most  decidedly  n>jecteil  by  Suess.  He 
and  Hetm  have  sbowD,  by  tbeir  iorestigftttons  of  the  Alps,  that  the 
Ibldiags  of  the  Alps  are  caased  by  lateral  pressure,  and  that  such  lat- 
enl  piessnre  is  snQiclent  to  lift  great  chains  of  mouutains  into  the  air. 
Bnt  Soess  goes  still  further,  for  in  a  memoir,  "  Ueber  die  TermeintlicheD 
Mealarea  SchwaDkuDgeo  einzeluer  Theile  der  Erdoberflache'*  (in  Terh. 
K.K.  Oeol. Beiclu.,l8S0,pp.ni et 8eq.),he even  denies  any  elevation  by 
forces  acting  vertically  from  belov; — neither  mouDtain  nor  continent  is 
elevated  in  this  manner.  He  says  {I.  e,  p.  180) :  "There  are  no  vertical 
movements  of  the  solid  ground,  with  the  exception  of  those  which  pro- 
ceed directly  from  the  formation  of  folds.  We  shall  have  to  resolve  to 
abandon  the  doctrine  of  aecniar  oscillations  of  contiueDts." 

A.  de  Lapparent,  who  sharply  criticises  Suess's  theory  of  "  Horste" 
{BuU.  Soe.  OSol.  France,  »6e.  3,  tome  XT,  pp.  215  et  aeq.),  nevertheless 
agrees  with  htm  that  the  cooling  of  the  eartli  has  formed  great  folds  in 
the  cmst,  and  denies  that  any  elevations  are  not  caased  by  foldings. 
Tbaa  he  says  (I.  c.  p.  217) :  "  It  is  no  longer  necessary  to  oppose  to  the 
doctrine  of  absolute  elevations  prodnceil  by  forces  acting  directly  from 
below  npwaids,  a  protestation  which  has  lost  its  object.  For  the  par- 
tisans of  vertical  impnlslons  are  nowadays  more  than  scattered,  and  with 
the  exceptioD  of  a  very  few  belated  persons  no  one  would  now  venture 
to  ascritw  to  such  an  action  an  important  part  in  the  formation  of 
monntains."  As  he  makes  no  limitations,  it  must  be  assumed  that  he 
will  not  recognize  any  forces  acting  from  below  to  elevate  whole  land- 
masses. 

According  to  a  statement  of  Suess's,  in  iiis  Antlitz  der  Erde  (18S5,  Bd. 
I,  p.  741),  he  seems  to  find  an  essential  reason  for  denying  elevation  by 
forces  acting  perpendicularly  from  below,  in  that  we  are  quite  ignorant 
of  any  force  which  coald  be  capable  of  causing  such  an  elevation. 

The  theories  of  Button  and  von  Bnch  as  to  the  action  of  such  forces 
Mem  therefore  to  be  rejected  by  geologists  of  the  present  day.  Nev- 
ertheless there  are  still  a  few  who  bold  similar  opinions.  Thus  J. 
C.  Boasel  (U.  S.  Geological  Survey,  Fourth  Annual  Iteport,  Washing- 
ton, 1884,  pp.  452,  453,)  says  that  the  fractnres  in  "  the  Great  Basin  " 
are  not  in  consequence  of  any  lateral  pressure,  but  are  caused  by  an 
extension  iu  a  horizontal  direction :  "  The  fractures  are  closely  related 
to  sn  extension  of  che  strata  by  upheaval."  It  seems  to  me  improba- 
ble that  SQch  A  relation  should  be  explicable  by  a  folding.  G.  E.  Dutton 
alw  (0.  S.  Geological  Survey,  Sixth  Annual  Report,  1886,  p.  198,)  at  the 
Bame  time  that  be  recognizes  that  many  chains  are  folded  by  lateral 
pressnre,  says,  with  regard  to  the  mountain-masses  in  Western  North 
America:  "The  monntains  of  the  West  have  not  been  produced  by 
borizoutal  compression,  but  by  some  unknown  forces  beneath  which 
have  pushed  them  up."* 

'Tbaaurrant  dootrinea  witU  reKord  to  refrigaratioD  and  ooni;>re'WLOn  are  diicossed 
brHerceio*  diaeonrse  Imfaretbe  Amerlcau  AcadHmy  on  the  11th  May,  1869  (see 
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It  is  not  my  intention  to  maintain  tbat  refrigeration  lias  not  at  all 
coutriboted  to  give  the  sarfiace  of  the  earth  the  form  which  it  now  pos- 
sesses. Bnt  I  think  that  an  anxiliary  theory  is  reqnired,  whidi,  while 
it  will  not  entirely  Hnpersede  the  old  theory,  may  yet  serve  to  explain 
things  wbich  the  old  theory  can  not  render  comprehensible. 

Henry  H.  Howorth  has  written  two  memoirs,  namely,  **  Beoent  Ele- 
vations of  the  Earth's  Surface  in  the  Northern  Circampolar  Regions" 
[Joum.  Roy.  Qeogr.  8oe.,  1873,  vol.  xliii,  p.  240)  and  "Beoent  (Jfaanges 
in  the  Sonthem  Circampotar  Begions"  (op.  cit.,  1874,  vol,  xlit,  p.  252), 
in  which  he  has  bronght  together  what  was  at  tbat  time  known  as  to  the 
displacement  of  shore-lines  in  the  lastsection  of  geological  time,  and  the 
principal  result  of  his  Investigations  is  summed  ap  in  tlie  following 
words :  '■  The  South  Pole,  as  well  as  the  Xorth,  is  a  focns  of  probmsion, 
the  land  aronnd  it  is  being  gradually  elevated."  In  the  last  section  of 
geological  time,  t.  e.,  in  the  Post-glacial  period,  the  land  has  in  general 
snok  under  lower  and  risen  ander  higher  latitades. 

Saess  arrived  at  a  similar  result  in  his  above-cited  memoir  {Verh.  K. 
K.  Oeol.  Reicha.  18S0,  pp.  174-17S).  He  bas  likewise  studied  the  dis- 
placement of  coast-lines  over  the  whole  earth  daring  the  period  neuest 
to  the  present  time,  and  sums  ap  the  result  as  follows :  "  Terraced  {and 
It.  e.  land  which  has  recently  risen  in  relation  to  the  sea]  appean  everjf- 
where  in  the  high  northern  latitudes,  so  far  as  man  has  hitherto  penetrated 
into  these  solitudes.  It  nUo  extends  for,  although  not  everywhere 
equally  far,  down  into  the  temperate  latitudes,  but  generally  decreasing 
in  height.  In  other  words,  aronnd  the  Korth  Pole,  and  far  down,  the 
sum  of  the  negative  [i.  e.,  descendingl  movements  of  the  coast-lines  is 
greater  than  the  positive;  towards  the  south,  however,  these  twosams 
approximate  more  and  more.  In  tropical  «ea«,  in  the  regions  of  theooral 
formations,  the  opposite  condition  occuri,  the  sum  of  the  positive  move- 
ments preponderates.  Further  towards  the  south,  beyond  25<'  to  35° 
eoath  latitude,  the  terraeed  land  ofthenorth  be<fins  againin  South  Ameriea, 
South  Africa,  South  Australia,  and  New  Zealand,  t.  e.,  the  same  preptm- 
derance  of  the  negative  movements,  with  the  same  osciUating  ■  chuac- 
ter  as  in  the  north."  The  exceptions  (according  to  Sness)  are  few  and 
of  little  importance. 

Proo.Jmer.  Acad.  Artt and  Sei.,  1673,  vol.  viii,  p.  106),  ualsobfO.  fisher ("Phyiics 
of  the  Earth's  Craal,"  1861)  anil  DiiltonCACrltJcismnpontheCoDtraatioiialHTpatb- 
cBls,"  Id  Jm«r.  Joum.  Sci.,  1674,  sor.  3,  vol.  viii,  pp.  113  «t.  $tq.).  They  all  eoD^dw 
tbat  coutrsction  is  not  saffloient  toesplain  the  knonn  phenomoDa;  nay,  the lut- 
named  even  thinks  thftt  the  pheoomena  are  opposed  to  this.  A.  <te  Lspparent.  on  ths 
••tber  liaixl,  in  his  memoir  "  Contraction  et  refroidissement  da  globe  "  (£mII.  5i>c.  0^- 
France,  IBS',  s^r.  3,  vol.  XV,  pp.  383  el  teq.)  aeeka  to  i>rove  tbat  tbej  are  qnitesnffi- 

'With  this  word  Sneas  allndeato  the  oircamstancea  that  the  ooast-llnea  and  tenxiM 
occur  at  varions  levels  one  above  the  other.  He  thinks  tliat  each  of  these  levels  in- 
dicates an  osoillation  at  the  Hea.  1  believe  that  tke  greater  part  of  tbeee  levels  u* 
merelj  a  conseqnencu  of  climatic  chanKen  dae  to  the  preeewioaa.  (See  Fork.  TH. 
«rf.fc.  Cftrwl.  1881,  No.4.)  f.ww,!,. 
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Howorth  and  Saess  liftve  therefore  both  conie  to  tbe  same  result  But 
their  explanations  are  directly  opposite.  Howorth  thinks  that  it  is  the 
Iftod  which  has  arisen  under  higher  latitudes ;  that  the  earth,  ae  it  were, 
awtUa  ap  towards  the  poles  and  contracts  under  the  tropics.  Suess, 
who  will  not  admit  any  othei'  elevations  than  those  which  are  the  con- 
seqaenoes  of  foldings,  is  of  the  opinion  that  it  is  the  sea  which  has  flowed 
towards  the  lower  latitudes.  He  iudicates  as  a  possible  explanation 
cbaoges  in  the  length  of  tbe  day  and  the  centrifugal  force.  But  this 
change  should  then  only  baVe  acted  upon  the  sea,  and  therefore,  since 
tbe  sea  has  flowed  towards  tbe  equator,  the  day  should  have  been  eon- 
sidenbly  shorter  tn  the  lost  geological  period.  We  shall  see  hereafter 
that  there  is  do  known  cause  which  could  have  produced  such  a  short- 
ening of  tbe  sidereal  day  as  would  serve  to  explain  what  Saess  wants 
to  explain.  The  old  theory  of  refrigeration  is  scarcely  fitted  to  explain 
these  conditions  indicated  by  Howorth  and  Saess.  Even  Soess,  wbo  is 
a  zealous  adherent  of  the  theory  of  contraction,  is  obliged  here  to  seek 
for  another  explanation. 

Another  theory  however  baa  come  forth  in  oar  day,  a  theory  which, 
no  doubt,  is  destined  to  play  a  great  part  in  geology.  It  is  derived 
originally  from  tbe  celebrated  pbtlosopber  J.  Kant.  In  1754  he  wrote 
a  memoir  entitled  "  Cntersuchung  der  Frage :  ob  die  Erde  eine  Veraii- 
derang  ibrer  Aobseudrehnug  erlitten  babel"  In  this  it  is  shown  that, 
%  reason  of  tbe  attraction  of  tbe  moon  and  sun,  tbe  sea  is  coosfantly 
io  a  movement  opposite  to  tbe  daily  revolution  of  the  earth.  The  fric- 
tion of  tbe  tidal  waves  agaiust  tbe  bottom  and  coasts  of  tbe  sea  diiuin- 
islies  tbe  force  of  tbe  axial  revolution  and  works  constantly  in  tbe  same 
diiectioD,  so  that  the  sidereal  days  must  for  this  reason  always  become 
toDger  and  longer,  The  moon  always  turns  the  same  side  towards  tbe 
earth  because  the  earth's  tidal  action  on  the  mass  of  tbe  moon  while  still 
Baiil,  constantly  rendered  the  axial  revolution  of  tbe  moon  slower,  antil 
at  last  tbe  moon  was  compelled  to  turn  always  tbe  same  side  toward  tbe 
earth.*  In  this  way  also,  at  some  far  distant  period  the  earth  will  come 
totnrn  the  same  side  always  to  the  moon.  Tbis  opinion  of  Kant's  has 
been  recognized  as  correct  by  the  first  physicists  of  the  present  day,  bj 
men  such  as  Robert  Mayer,  Helmboltz,  and  W.  Thomson. 

There  are  certain  peculiarities  in  the  moon's  movements  which  astron- 
omers are  inclined  to  explain  by  the  assnmptioii  that  the  sidereal  day 
gradaally  increases  by  reason  of  the  friction  of  the  tidal  wave.  But 
with  regard  to  tbis  we  will  merely  refer  the  reader  to  Thomson  and 
Tail's  "  Treatise  on  Natural  Philosophy,"  and  to  a  memoir  by  tbe  first- 
uaaed  author,  "  On  Geological  Time  "  (  Trans.  Qeol.  Soc.  QUtsgoK,  1868, 
vol.  in.  pp.  1  et  aeq.) 

In  theur  "  Natural  Philosophy ,"  Thomson  and  Tait  treat  tbe  problem 


'  Ii  it  poaaible  that  the  grout  abumlance  of  old  rolcanoeo  in  tlie  moon  may  be  «x- 
plwaedby  tho  greftt  obange  which  ilB  AsiftI  rotation,  and  therofore  probablj  also  Its 
compreMion,  bait  iiiider|[one  t  ,-.  , 

n,g,t,7l.dM,CjOOglC 
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of  tfae  eartU's  axift]  rotation.  Tbef  state  that  there  are  various  foroes 
which  may  be  efficient  in  altering  it, — some  make  the  sidereal  day 
shorter,  others  make  it  loager.  The  latter  are  preponderant,  and  amoog 
them  the  tidal  wave  plays  the  greatest  part,  so  that  for  this  reason  in 
the  coarse  of  time  the  sidereal  day  becomes  always  longer  aod  longer. 
Refrigeration  is  the  most  powerful  force  which  contributes  towards  the 
shortening  of  the  sidereal  day,  but  its  action  is  calculated  by  Thomson 
{ Trans.  Qeol.  Soc,  Qlatgow,  I.  c.  p.  28)  at  only  oue  six-tbousandths  of  the 
tidal  wave ;  and  this  last  action  cannot  be  annulled  by  any  of  the  oth« 
forces,  which  act  sometimes  in  one,  sometimec  in  another,  direction 
(transport  of  material  from  higher  to  lower  latitudes,  or  vice  turio,  ac- 
oumnlation  of  ice  at  the  poles,  etc),  and  which  iu  course  of  time  cease 
to  act,  the  tidal  wave  acting  always  for  millions  of  years  in  tlie  same 
direction  (Thomson,  "Geological  Dynamics,"  Trant.  Oeol.  Soc.  Qlatgow, 
1869,  vol.  Ill,  part  2,  p.  223). 

In  this  way,  therefore,  the  sidereal  day  most  in  conrse  of  time  always 
become  longer  and  longer.  Now  what  influence  has  this  upon  the 
earth  t  If  this  were  fluid  thronghont,  it  is  clear  that  it  must  at  ouce 
change  its  form.  According  as  the  sidereal  day  became  longer  and  the 
centrifugal  force  diminished,  it«  compression  most  have  decreased. 
But  tfae  old  theory  of  a  fiery  fluid  interior  is  now  rtyected  by  physicists, 
and  Thomson  assumes  that  the  earth  is  on  the  whole  a  solid  body. 
Now, will  this  solid  body  retain  its  form  without  reference  to  the  length 
of  the  sidereal  day,  or  will  it  yield  and  accommodate  iteelf  T  The  sea, 
as  a  matter  of  coarse,  will  at  once  yield,  and,  as  the  centrifugal  force 
decreases,  it  will  sink  under  lower,  and  rise  under  higher  latitudes. 
We  know  that  the  earth's  present  form  agrees,  at  all  eventa  in  some  de- 
gree, with  the  length  of  the  sidereal  day.  It  has  at  present  a  com- 
pressioQ  which  about  agrees  with  that  which  it  should  have  from  cal- 
eolation  with  its  present  axial  rotation.  As  it  may  now  be  rendered 
probable  that  the  earth,  since  it  acquired  a  solid  surface,  has  lost  so 
much  of  its  axial  rotation  that  the  sidereal  day  has  become  several 
times  longer,  the  circumstance  that  the  compression  suits  that  agreeing 
with  the  axial  rotation  seems  to  show  that  the  solid  earth  has  really 
changed  ita  form.  Jupiter  and  Saturn  have  a  sidereal  day  respectively 
of  9>'  65"  and  10''  Id*",  and  a  compression  of  one-seventeenth  and 
one-tenth.  In  Mars,  the  sidereal  day  of  which  is  about  24"  ST",  ol>- 
servations  have  not  been  able  to  prove  definitely  any  compression. 
There  would  seem,  therefore,  to  be  a  connection  between  oompressioQ 
and  axial  rotation.  But  it  may  indeed  he  objected  that  Jupiter  and 
Saturn  are  still  possibly  melted  masses. 

W.  Thomson  and  Tait  seem  to  be  of  opinion  that  tfae  earth  will  not 
change  its  form.  They  assume  that  it  must  have  become  solid  not  so 
many  millions  of  years  since,  seeing  that  the  compression  nearly  coin- 
cides with  the  axial  rotation. 

J.  Croll  ("Climate  and  Time,"  1875,  p.  335;  see  also  Amer,  Jour.  Sei, 
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1876,  aer.  3,  vol.  xii,  \i.  457)  thinks  tbat  the  sidereal  da;  leogthens  so 
slowly  tbat  donadatioD  vill  have  time  to  adjaat  the  form  of  tlie  earth 
so  as  to  coincide  with  the  length  of  the  sidereal  day.  Just  as  the  sea 
HJDksanderlow  latitudes,  the  contineuts  in  the  same  latitudes  will  also 
become  lower  by  denndatioo,  but  under  higher  latitudes  the  risiug  sea 
will  protect  the  laud  tustead  of  denuding  it;  and  in  this  way  the  earth 
mast  then,  by  denudation  alone,  acquire  a  form  always  suitable  to  its 
uial  rotation.  But  this  is  evidently  erroneous.  Imagine  the  enrtb 
formed  of  ellipsoidal  layers  with  increasing  solidity  inwards.  When  the 
oeotrifbgal  force  d I miniabed, equilibrium  would  be  disturbed  throughout 
the  whole  mass,  and  in  the  interior  tension  would  constantly  increase. 
Xay,  not  even  at  the  surface  can  denudation  alter  tbe  compression. 
For  we  know  from  the  recent  investigations  of  the  deep  sea  that  In 
this  deep  sea,  far  from  the  continents,  no  products  of  weathering  are 
present;  only  volcanic  ashes  and  cosmioal  dust  are  deposited.  Thus 
denndation  is  not  even  capable  of  obliterating  the  inequalities  of  tbe 
sarface,  still  less  the  internal  tension  produced  by  the  lengthening  of 
the  sidereal  day.  And  as  the  day  has  become  considerably  longer,  tbe 
sea  ought 'to  be  collected  towards  the  poles  and  the  land  under  the 
equator,  in  case  the  solid  earth  had  not  changed  its  form. 

Others  think  that  the  earth  may  actually  change  its  form.  The  first 
who  expressed  this  opinion,  so  far  as  I  can  find,  is  Herbert  Spencer.  In 
tbe  Pkilogopkical  Magazine  (1847,  vol.  xxx,  p.  191]  he  published  a 
small  memoir,  entitled  "  The  Form  of  the  Earth  no  proof  of  original 
Fluidity,"  in  wbicb  he  maintains  that  even  the  solid  earth  may  change 
'\\»  form,  according  as  the  centrifugal  force  changes.  When  a  body  in> 
ct«ases  in  size,  tbe  power  ot  resistance  to  external  tbrces  increases  only 
as  the  square  of  the  dimensions,  while  tbe  wasting  and  destructive 
force8(woight,  centrifugal  force)  increase  in  tbe  same  propoition  as  the 
mass  of  the  body,  and  therefore  as  the  cube  of  the  dimensions.  As  the 
size  increases  we  therefore  come  to  a  point  at  which  even  the  most  solid 
body  must  yield  to  the  forces.  We  must  therefore  assume,  says  Spencer, 
th»t  tlie  earth,  by  reason  of  its  size,  must  yield  and  change  its  form,  in 
caw  the  centrifogal  force,  for  example,  changes ;  for  the  most  solid 
tantter  known  to  ns,  exposed  to  the  same  forces  which  act  uiK>n  the 
earth,  woold  overstep  tbo  bounds  of  solidity  before  attaining  a  thousand- 
luMlionth  part  of  the  earth's  size.  This  argument,  in  Professor  Schi^ttz's 
opinion,  is  not  tenable.  At  any  rate,  I  believe  that  Spencer  is  the  first 
who  expressed  the  opinion  tbat  even  a  solid  earth  can  change  its  form. 
Id  tbe  above-cited  discourse  of  186f),*  Peirce  says  that  the  lengthening 
of  the  sidereal  day  may  be  supposed  to  have  altered  the  form  of  tbe 
solid  earth.  And  Principal  Dawson,  in  his  "Story  of  the  Earth  and 
Hun"  (ed.  9, 1887,  p.  291),  says  that  this  alteration  of  form  by  reason 
or  the  lengthening  of  the  sidereal  day  mnst  have  taken  place  at  longer 
or  shorter  intervals.    So  long  as  tbe  crust  of  the  earth  did  not  yield, 

•  See  a«U,  p.  329,  foot-note.  ^TTGoOgTc 
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the  sea  wilt  Lave  flowed  towards  the  poles ;  bat  wUen  the  tenBion  be- 
comes so  great  that  the  solid  crust  borsts,  the  equatorial  regioDS  will 
sink  io  and  the  sea  will  flow  again  towards  the  eqaator.* 

In  the  Philoaophieal  Tranaactiom  for  1879,  parts  I  and  II,  Prof.  G. 
DarwiD  has  published  a  memoir  the  resalt«  of  which  are  briefly  as  f<^- 
lows.  He  assumes  that  the  earth  possesses  a  small  degree  of  plastieitj', 
aad  calculates  the  internal  friction  which  the  tidal  action  of  the  mooo 
and  sun  produce  iu  such  a  body.  He  Hods  that  both  the  sidereal  daj 
and  the  month  have  become  much  longer,  that  the  distance  of  the  mooa 
has  increased,  that  the  obliquity  of  the  ecliptic  has  diminished,  and  that 
a  great  part  of  the  internal  heat  is  developed  by  the  internal  frioUoo. 
Forty-six  million  three  hundred  thousand  years  ago,  according  to  his 
calculation,  the  sidereal  day  was  15''  30'°,  and  the  moon's  distance  46.8 
terrestrial  radii  (against  60.4  at  present).  6at56,180,000  years  ago  ths 
sidereal  day  was  only  6''  45™  long,  the  moon's  distance  only  9  terrestrial 
radii,  and  the  month  only  1.58  day  (one-seventeenth  of  its  present 
amount).  The  iuterior  heat  prodnoed  by  friction  in  57,0OO,O0U  years, 
if  applied  at  once,  wonld  s'ufBce  to  heat  the  whole  earth  1700°  Fahr.f 
He  concludes  that  the  compression  has  constantly  diminished :  "  Ike 
polar  regiona  must  have  been  ever  rising,  and  the  equatorial  ones/aUatg 
though  as  the  ocean  followed  these  changes  they  might  quite  well  bare 
left  no  geological  traces.^  The  tides  must  have  been  very  much  moie 
fVequentand  larger,  and  accordingly  the  rate  of  oceanic  denudation  mach 
accelerated.  The  more  rapid  alternation  of  day  and  night  [67,000,000 
years  ago,  according  to  Darvin,  the  year  had  1,300  days]  would  proba- 
bly lead  to  more  sadden  and  violent  storms ;  and  the  increased  rota- 
tion of  the  earth  would  augment  the  violenoe  of  the  trade-winds,  which, 
in  their  turn,  would  affect  oceanic  currents.  § 

Treaca  {Comptes  Rendut,  1864,  p.  754 ;  1867,  p.  802,  etc.)  has  shown 

*  Similar  opiniona  are  expressed  by  Dr.  £.  Beyer  ("  Die  Bewegoog  im  Feoten,"  id 
Jahrb.  K.  K.  Gtol.  Reichi.  WUn,  1880,  vol.  XXX,  pp.  543  et  »eq.).  W.  B.  Taylor,  io  ■ 
memoir  "  Un  the  Crumpliog  of  the  Eartli's  Crust "  {Amer.  Jonni.  BcL,  18h5,  ser  'J,  vol- 
XXX,  pp.  349  el  Kq,),  expresses  himself  againat  the  theory  of  the  earth's  ooutnotioo, 
aiid  thinks  that  the  lengtbeoiog  of  tbe  sidereal  day  is  the  cause  of  the  ohangea  id  Um 
crust.  A.  Wioohell,  in  a  memoir  on  tho  "  Sources  of  Trend  and  CmsUil  Snrplusage" 
(Amer.  Joturn,  Set.  I.e.  p.  417),  eodea  vorsto  show  tbat  the  diminishing  centrifngnl  Tom 
has  produced  fbldings  In  a  north  and  south  direction.  J.  E.  Todd,  in  a  paper  eatilted 
"  Geologicsl  Effecte  of  a  Varying  Rotation  of  the  Earth"  (Jner.  XaUralut,  ISiQ, 
vol.  XVII,  pp.  15  et  »«{.),  Sret  enumerates  the  varions  forces  wbieb  may  act  io  acceler- 
ating and  retarding  the  axial  rotation.  He  aBsiiines  that  the  axial  rotation  deereises 
and  increases  abrnptly,  that  it  acta  first  upon  the  sea  and  afterwards  npon  tbe  solid 
crust,  aud  that  for  this  Koson  tbe  sea  rises  and  sinks  abraptly  in  relation  totbelsod. 

iTbia  heat,  produced  by  the  iuternal  friction,  mnst  contribute  considerably  to 
diminish  the  secniar  refrigeration.  -  Lappaient  baa  not  taken  aoooDOt  of  this  in  ths 
above-cited  memoir  on  the  cou traction  and  cooling  of  the  earth. 

t  In  a  subsequent  article,  however,  Darwiu  supposes  that  the  coast-linos  will  ahift 
in  consequence  of  the  lengthening  of  the  sidereal  day  (Nature,  3ept.  2,  188G,p.  42Ij. 

i  These  numerical  values  make  no  claim  to  represeut  the  actual  valnrs;  tbey  ue 
merely  tbo  niaiiniiiui  values,  which  according  to  Dsrwiq  vm  generally  poaaiblft 
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that  ice,  lead,  aud  also  oaat-irou,  even  at  ordinary  temperatures,  may 
be  squeezed  so  strongly  that  tUeir  toterior  parts  change  their  relative 
poeitione  like  particles  in  a  fluid.  Iron,  in  the  solid  state,  by  strong 
preasore,  is  squeezed  into  cavities  and  adapts  its  form  to  the  surroaud- 
ings.  Od  catting  through  such  pressed  pieces  it  has  been  found  that 
the  particles  or  crystals  have  arranged  themselves  by  a  fiow-like  move- 
ment eoited  to  the  form  of  the  cavity  into  which  the  piece  has  been 
piessed. 

WemuaC  here  also  refer  to  the  interesting  investigations  of  Beusch 
Dpon  pressed  conglomerates.  Under  the  strong  pressure  which  has 
acted  in  the  earth's  crust,  the  pebbles  in  conglomerates  are  squeezed 
ODt  into  lance-shaped  bodies,  and  these  bodies  have  even  become  folded. 
(See  Beasch,  Silur/oggiler  op  preasede  Kongtomerater  i  Bergemakiferne, 
Univ.  Progr.  Ckristiania,  1882,  pp.  15, 117.) 

By  reason  of  the  enormous  pressure  which  prevails  in  the  interior  of 
the  ewtb,  it  mast  be  supposed  that  masses  from  a  certain  depth  are 
more  or  less  in  a  plastic  state.  A  constant  lengthening  of  the  sidereal 
day  will  cause  the  equatorial  parts  to  increase  in  weight.  So  long  as 
tilt  earth  does  not  change  its  form,  a  constantly  increasing  weight  will 
act  npon  the  internal  mass  from  lower  towards  higher  latitudes.  There 
is,  as  Darwin  indicates  [Nature,  September  2,  1886,  p.  132),  reason  to 
b^eve,  that  finally,  when  the  tension  has  reached  a  certain  amount, 
the  earth  will  yield.  A  flow  of  plastic  mass  will  be  directed  towards 
higher  latitudes,  and  persist  until  the  earth  has  approximated  to  the 
form  suitable  to  the  length  of  the  sidereal  day.  When  we  consider  the 
namerouB  t«stimontes  as  to  changes  iu  the  solid  crust  of  the  earth,  and 
the  freqaent  elevations  and  depression^  of  the  solid  land  relatively  to 
the  sea,  we  may  well  agree  with  Darwin,  that  this  view  may  claim  more 
probability  than  that  of  Thomson  and  Tait. 

Wertheimbasproved  by  experiment  (according  to  FockjLaroboA^i^gt 
in,  Stockholm,  1861,  pp.  202,  219)  that  there  is  really  no  definite  limit 
of  elasticity  for  any  matter,  bat  that  they  all,  by  the  action  even  of 
quite  feeble  forces,  undergo  small  persistent  changes,  especially  if  these 
forces  have  acted  for  a  somewhat  long  time.  When  with  feeble  press- 
ores  we  find  no  permanent  change  of  form,  this  is  becaase  the  force 
has  not  acted  long  enough.  The  action  of  the  force,  therefore,  when  it 
has  agreater  resistance  to  overeome,  depends  upon  time.  By  "  tension," 
aays  Sehi^tz  {Larebog  %  Fystk,  ChriatiosiiA,  1881,  p.  66),  "lengthening 
constantly  increases,  although  very  slowly,  after  it  first  commences; 
therefore  a  weight  which  has  acted  for  a  short  time  wilt  not  proiluco 
persiatent  elongation  such  as  it  would  be  if  it  were  allowed  to  act  for 
ft  longer  time.  This  applies  not  only  to  tension,  but  generally ;  and 
hence  it  comes  about  that  wires  slacken  in  coarse  of  time,  and  that 
beams  tiend  little  by  little.  A  thread  is  worn  out  by  less  force  when 
tltepresBare  is  long  con  tinned  than  when  it  is  applied  for  a  shorter  time." 
It  seems  to  me  that  here  we  have  a  force  which  may  be  wpaW&of 
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effecting  dUplacemeDts  ia  ttie  solid eartli.  I  believe  that  this  is  "the 
nnkiiowu  force  from  below"  which  htis  elevated  the  tuoiiotains  of  west- 
era  North  America,  aud  to  which  Duttou  appeals.  The  sidere^  da; 
increases  very  alowly.  The  Bea  adjnsts  itself  ia  accordance  with  the 
smallest  chauge  in  the  length  of  the  day  and  rises  slowly  under  high 
latitades.  But  the  solid  eartb  offers  resistance  to  change  of  form,  aod 
begins  to  give  way  only  when  the  tension  reaches  a  certain  amonuL 
When  this  period  has  arrived  the  crnat  also  begins  to  rise  nnder  high 
latitudes.  Duder  lower  latitudes  the  movement  takes  place  in  the  oppo- 
site direction.  The  solid  earth  probably  is  a  little  behind  the  eea  in  its 
movements,  and  while  the  sea  moves  evenly  and  uuiuterruptodly,  the 
change  of  form  in  the  solid  earth  must  iierhajis  take  place  more  spas- 
modically, with  intervening  periods  of  rest,  during  which  new  (ensioD 
is  set  up. 

"  The  elevation  of  mountains,"  says  A.  Geikie  ('  Textbook  of  Geologj-,' 
I8S2,  p.  917),  is  iu  most  eases  due  to  a  long  succession  of  sncta  move- 
ments;" and  (I.  c.  p.  919)  *>  the  elevation  of  mountains,  like  thatof  oon- 
tiueuts,  has  been  occasional,  and  so  to  speak,  paroxysmal."  Upheavals 
of  The  crust  take  place  repeatedly  along  the  same  fissure  (see,  e.  g., 
Brfigger,  BHdungageschickte  dea  Kristianiajjords,  1336,  p.  73).  Soue- 
thiug  of  the  same  kind  occurs  in  volcanic  eruptions.  Volcanoes  nut 
for  a  shorter  or  longer  time  between  the  different  eruptions.  Basaltic 
layers  alternate  with  sedimentary  deposits.  Earthquakes  are  a  conse- 
quence of  a  tension  set  up,  to  which  the  crnst  suddenly  yields.  All 
this  indicates  that  the  crust  of  the  earth  does  not  immediately  accom- 
modate itself  to  the  forces,  but  that  it  yields  only  when  the  constantly 
increasing  pressure  bas  approximated  to  a  certain  amount  It  seems 
moreover  to  follow  from  geological  investigations  that  there  are  periwls 
in  the  earth's  history  when  changes  have  taken  place  on  a  larger  scale 
than  usaal.  In  his  "  Text-book  "  above  cited  (pp.  197, 198)  A.  Qeikie 
refera  to  the  great  eruptions  ("flssure-eraptions")  which  have  taken 
place  in  both  the  Old  and  the  New  World,  in  which  melted  masses 
burst  forth  from  numerous  fissures  and  overflowed  thousands  of  square 
miles.  The  Valcauism  of  the  present  day  seems  feeble  io  comparisoii 
witfa  these  gigantic  eruptions. 

We  will  now  pass  to  the  inquiry  whether  these  changes  in  the  form 
of  the  earth  may  stand  iu  any  relation  of  depeudency  to  the  perioJical 
variations  of  the  eccentricity  of  the  earth's  orbit.  We  start  from 
the  fact  that  Thomson  and  Tait  are  right  when  tliey  say  that  the  tidal 
wave  is  the  most  powerful  of  the  forces  which  contribute  to  change  the 
length  of  the  day.  But  besides  the  tidal  wave  of  the  sea,  the  interior 
friction  accepted  by  Darwin,  ("  the  bodily  tides  ")  is  also  effecti%'e.  Both, 
of  course,  are  dependent  upon  the  distance  of  the  sun  and  moon ;  and 
we  therefore  examine  whether  the  tidal  action  of  these  bodies  upon  the 
earth  varies  with  the  eccentricity  of  the  earth's  orbit.    It  appears  frooi 
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DuiriD's  investigatiODS  tbat  the  lunar  tides  in  very  distant  periods 
must  have  been  much  greater  than  now,  I  disregard  this,  as  the  time 
inqnestioD  is  so  long  ago,  and  because  the-profiles,  which  later  on  will 
combine  in  carves  for  the  eccentricity  of  the  earth's  orbit,  come  down 
from  a  paat  geologically  so  near.  When  1  perceived  that  the  depend- 
ence of  the  tidal  wave  upon  the  eccentricity  might  be  of  geological  im- 
portance, I  applied  to  the  observer,  H.  Oeelmuyden,  who  with  bia  usual 
kindness  has  given  me  the  following  answer : 

"The  action  of  the  eoceutrictityof  the  earth's  orbit,  e,  upon  the  force 
vbich  prodaoee  tide  and  ebb,  and  which,  for  the  sake  of  brevity,  I  wilt 
call  the  tidal  force,  is  as  follows: — Let  r  be  the  sun's  distance,  then 
the  sud'b  tidal  force  Is 


vhere  G  represents  the  sud's  mass  and  r  the  earth's  orbital  radins. 

In  the  course  of  the  year  r  varies ;  but  the  mean  value  of     is  found  by 


dislaace.    Couseqnently,  the  anuual  mean  value  of  thesuu's  tidal  force 


"From  this  it  follows  tbitt,  when  the  eccentricity  increases,  the  tidal 
force  also  increases ;  if  the  former  increases  Je  and  the  latter  JP,  then 

JP    Se.Je    o     A 
-p-=j--^-=3,.J«, 

ul— e*in  the  denominator  is  of  uo  significance.  If  past  times  be  3e=^, 
«ii(iJe=— 0.00043  per  thousand  years,  then  3e.Jc=— 0.00002,  orthesun's 
tidal  force  decreases  every  for  thousand  yeard  by  aoi-.u  of  its  value. 
When  theeccentricity  has  its  greatest  possible  value,  0.0D07  according  to 

Leverrier,e'=0.00415,3/2e^=0.00667,tbeuP=1.006fi7^,;  or  the  differ- 

eoce  between  masimnm  and  minimum  is  -i^s  of  the  value. 

"Tbe  monthly  mean  value  of  the  moou's  tidal  force  will  of  course,  in 
tbe  same  way,  be  dependent  upon  the  eccentricity  of  the  moon's  orbit; 
bat  as  this  is  not  subject  to  any  noticeable  secular  variatiou,  it  does  not 
come  under  consideration.  On  tbe  other  hand,  the  moon's  meau  dis- 
tance is  dependeut,  although  only  to  an  eictremely  small  extent,  upon 
the  eccentricity  of  tbe  earth's  orbit,  natnely  so  that  the  moou's  tidal 
foice  becomes 

P'=*{'fl-9.3/2e').  _         , 

"  D„-,iP<.-jM,CjOoglc 

H.  Mia.  -Jaj '>•}.  " 
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"Here  tberefore  tUe  ecceutricity  acteia  tUe  opposite  directioD,  namely, 
80  that  the  force  diiniiiisliea  as  tlie  eccentricity  increases;  bntastUe 
factor  q,  by  which  3/2  e'  is.  multiplieil,  is  only  about  3/400,  while  tlie 

!.  5{t 
<h 

proportion  to  tlie  solai-  titles  most  nearly  as  5 : 2),  its  action  ap<Mi  the 
whole  tidal  wave  ia  ,'^,j.  }=k^  of  the  former." 

Thiiii  we  see  that  the  tiibil  force  rises  aud  sinks  with  the  ecoeutrieily 
of  the  earth's  orbit.  It  varies  by  about  ^if,  of  its  value  from  the  highest 
tothelowesbecceutriiiity.  Tliisforce  is  the  most  importaut  force  for  the 
alteration  of  the  day,  and  it  makes  itlouger.  The  most  iinportant  force 
for  shorteotug  the  day,  acoordiag  to  Thomson,  will  be  the  refrifteratioD 
of  the  earth,  but  be  has  calculated  its  value  at  only  ,0^7  ofthe  tidal  force 
aad(heha3only  taken  iotoaccoantthemariae  tidal  wave).  If,  therefore, 
the  tidal  force  diminishes  and  increases  by  riic  of  its  value,  thi8]>eriod- 
ical  variation  can  not  compete  with  forces  which  act  in  the  opposite 
direction }  and  we  may  therefore  conclude  that  the  sidereal  day  is  con- 
stantly becoming  longer,  bat  that  its  increase  is  periodically  stronger 
and  weaker.  It  increases  in  length  more  and  more  rapidly  so  long  as 
the  eccentricity  of  the  earth's  orbit  increases,  more  and  more  slowly  bo 
longas  the  ecccentricity  diminishes.  In  other  words,  the  eeutrifagal 
force  diminishes  and  the  equatorial  regions  increase  in  weightmoreand 
more  rapidly  under  an  increasing,  and  more  and  more  slowly  oodera 
diminishing,  eccentricity. 

As  has  been  stated,  there  prevails,  even  among  physicists,  a  disa- 
greemeut  as  to  how  far  the  earth  wilt  change  its  form  in  case  the  cen- 
trifugal force  varies.  Thomson  is  most  inclined  to  believe  that  it  will 
not;  Darwin  is  of  opinion  that  it  will.  And  among  other  physicists 
whom  I  have  consulted  a  similar  divergence  prevails  npon  this  point. 
One  thinks  that  a  lengthening  of  the  day  even  by  several  hoars  will  be 
incapable  of  altering  the  form  of  the  solid  earth ;  another  believes  that 
the  solid  earth  will  probably  change  its  form  just  as  easily  as  the  sea. 
And  with  regard  to  the  rapidity  with  which  the  sidereal  day  lengthens, 
opinions  are  jnst  as  much  divided.  Darwin  regards  as  possible,  varia- 
tious  much  greater  than  those  which  agree  with  the  action  of  the  tidnl 
waves  calculated  by  Thomson  for  recent  times.  It  is  therefore  clear 
that  this  problem  can  hardly  yet  be  finally  solved,  and  that  different 
hypotheses  will  bo  for  the  present  admissible.  We  will  therefore  select 
that  which  is  best  fitted  to  explain  the  facts,  assuming  that  the  varia- 
tiou  of  the  tidal  wave  with  the  eccentricity  of  the  orbit  may  possibi; 
be  tlie  cause  of  the  periodical  displacement  of  coast-lines.  But  we  pat 
forth  this  hypothesis  with  all  possible  reserve.  Divergencies  of  opin- 
iou  between  the  most  esteemed  physicists  upon  this  matter,  and  the 
neat  manner  in  which  the  hypothesis  is  supported  by  many  foots,  alone 
give  us  the  courage  t«  pub  forward  conjectures  which  many  will  proba- 
bly regard  as  not  only  bold,  bnteven  improbable.       ,  . 

;,C_nOO<^k' 
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Tbe  motive  force  of  alterations  in  the  form  of  the  earth  should  there- 
fore be  periodioallf  variable  with  the  eccentricity  of  tbe  orbit.  The  sea, 
which  is  fluid,  adjusts  itself  at  once  lu  accordaaue  with  the  sniitllc»t 
change  iu  the  length  of  the  day.  But  the  solid  earth  offers  resistance ; 
aad  the  day  lengthens  slowly  and  imperceptibly.  With  such  small 
forces,  as  we  have  already  seen,  it  becomes  a  matter  of  time.  Even 
small  forces  can  produce  an  effect,  if  they  only  bave  time  to  wurkiii.  It 
ia  therefore  probable  that  the  solid  earth  will  be  behind  the  sea  iu  its 
movements.  Some  time  will  elapse  before  the  "crust"  and  the  ioucr 
plastic  mass  begin  to  yield.  The  ground  under  a  building  often  begins 
to  give  way  only  when  the  building  has  stood  for  some  time.  If  then 
the  solid  body  of  tbe  earth  lags  behind  the  sea  in  its  movements,  and 
tbe  movements  both  of  the  sea  and  of  the  solid  eartb  occur  periodically 
more  strongly  and  more  feebly,  because  the  motive  force  is  stronger  and 
weaker  according  ns  the  eccentrtoity  of  the  orbit  iucreasea  or  diminishes, 
it  was  conceivable  that  the  ooast-lines  would  come  to  be  displaced  up 
and  down  once  for  every  time  that  eccentricity  increases  and  dimin- 
i»bes.  For  there  must  be  the  greatest  probability  that  the  solid  earth 
may  yield  at  one  place  or  another  when  the  tension  in  the  interior  be- 
eomes  strongest. 

It  is  important  now  to  examine  whether  tbe  action  of  tbe  tidal  wave 
and  variations  iu  its  strength  are  great  enough  to  explain  the  displace- 
ment of  the  ooast-lines.  This  is  a  matbemaCico-pbysical  problem,  nud 
it  is  not  for  me  to  solve  it.  I  put  it  as  a  question  for  the  decision  of 
competent  men,  and  shall  con&ue  myself  to  the  following  remarks: 

If  the  sidereal  day  has  once  been  several  times  shorter,  and  the  earth 
at  tbe  time  was  a  solid  body,  the  tension  and  pressure  in  its  interior 
will  increase  with  tbe  length  of  the  sidereal  day,  until  finally  the  tension 
becomes  so  great  that  the  earth  begins  to  yield.  It  will  then  accommo- 
date itself,  if  not  iu  its  eutirety,  at  least  partially,  until  the  tension  is 
equalized,  at  any  rate  in  part.  Perhaps  then  a  state  of  repose  will 
occnr,  daring  which  a  new  tension  will  accumulate,  which  may  intro<luce 
a  new  change  of  form.  And  these  spasmodic  changes  of  form  in  the 
body  of  the  earth  wheu  strained  to  tlie  limit  of  its  power  of  resistance 
woold  occnr  precisely  wlien  the  eccentricity  ha<l  approached  its  highest 
valne,  and  the  tension  increased  moat  rapiilly,  or  some  time  afterwards. 
Under  sach  circumstances,  possibly,  the  small  variation  wbicb  the  tidal 
force  undergoes  with  the  eccentricity  would  turn  the  scale,  and  deter- 
mine the  time  for  the  changes  of  tbe  solid  earth. 

Thomson  says  (  Trang.  Oeol.  8oc.  QlMgoto,  lS6b)  that  it  is  still  hope- 
less to  attempt  to  solve  the  question  of  bow  rapidly  the  sidereal  day 
lengthens,  by  means  of  tidal  action.  By  way  of  trial  he  calculates  (/.  c. 
p.  26)  tbe  action  of  tbe  existing  tidal  wave  to  be  so  gieat  that  the  earth 
in  one  hundred  years  should  be  letanled  one  hundred  and  eighty  tscc' 
oiids,with  which  corresponds  a  lengthening  of  the  day  of  0.01  second  ; 
and  if  we  t^ke  this  retarding  power,  for  the  sake  of  simplicity,  asicpn- 


-etarding  power,  for  the  sake  of  simi>licity.  asicpi 
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BtanC,  the  day,  iu  one  hundred  thousand  yeara  (the  time  which  is  on  the 
average  oceapied  by  au  oscillation  of  the  eccentricity)  should  become 
ten  seconds  logger.  Moreover,  Thomson  reckons  only  the  niarioe  tidaT 
wave.  To  this  should  now  bo  a<lded  Darwin's  "interior  tide,"  bis 
"  bodily  tides,"  which  I  know  uo  means  of  calculating.  For  niauy  mill- 
ions  of  years,  when  the  moon  was  nearer  and  the  tidal  action  consid- 
erably stronger,  the  day  also  increased  more  rapidly.  Bnt  nowadays 
its  increase  is  undonbtedly  much  slower,  and  we  can  not  expect  great 
general  changes  of  level  in  a  short  time  from  this  cause. 

To  a  lengthening  of  the  day  by  ten  seconds  (according  to  Todd,*) 
corresponds  a  shortening  of  the  equatorial  radius  by  5.6  meters  and  a 
doable  lengthening  of  the  polar  radius,  therefore,  by  11.2  meters. 
What  value  the  lengthening  of  the  day  bad  in  Tertiary  times  we  do  not 
know.  It  can  not  well  have  been  remarkably  greater  than  in  recent 
times.  And  it  seems,  therefore,  in  any  case  to  follow,  as  stated  above, 
that  the  vertical  displacement  of  coastlines  can  scarcely  have  been  ia 
genera  more  than  a  few  meters  under  any  oscillation,  in  case  our  at- 
tempted explanation  is  correct.  Therefore  we  must  now  see  whether 
the  displacement  of  coast-lines  \tas  bo  very  considerable. 

We  must  first  examine  bow  much  is  deposited  in  each  preoeasional 
period  and  bow  great  is  the  thickness  of  the  stages.  The  thickness  of 
the  deposit  depends,  in  the  first  place,  upon  the  situation  of  the  place, 
whether  it  lies  near  or  far  from  the  land  or  the  mouths  of  rivers,  and 
upon  the  nature  of  the  deposit.  Chemical  deposits  are  commonly  thin- 
ner than  mechanical  ones.  As  a  mean  number  for  each  preccBsional 
period  (twenty  to  twenty-one  thousand  years),  I  have  obtained  the  fol- 
lowing values  for  the  different  kinds  of  alternating  deposits : 

Marl  and  siliceous  limestone,  from  0.6  to  2.2  meters. 

Olay  and  siliceous  limestone,  1.3  meters. 

Marl,  gypsum,  siliceous  limestone,  (marine,)  1.3  to  1,4  meters. 

Ditto,  fresh  water,  2.S  to  2.9  meters. 

Limestone  and  marl,  1.8  to  2.5  meters. 

Marl,  argillaceous  limestone,  (ironstone,)  sandy  marl,  2  meters. 

Baud,  calcareous  sandstone,  (marine,)  2  to  2.3  meters. 

Ditto,  f^'esh  water,  3  meters. 

Sand,  clay,  ferruginous  sandstone,  (marine,)  5  to  6  meters. 

Clay,  limestone,  ironstone,  sand,  5  to  7  meters. 

Sand,  marly  clay,  ferruginous  sandstone,  lignite,  up  to  30  to  60 

meters. 

In  each  stnge,  when  there  has  only  been  one  oscillation  of  the  8e<i, 

there  are  usually  four  or  five  such  alternating  deposits,  so  tlic  tliick- 

ness  of  the  stages  is  generally  but  small.    I  may  cite  the  foltowine  ex- 

njuples.     First,  fivm  the  Paris  basin:   The  Calcaire  Orossier,  wLicb 


'Jiucrivaa  XaUralUI,    1883,   vut.  xvii.  p.  18.     (Or  as   Ktateit,    1  niniita  of  daily 
Itiiijitbauinit  ia  equivaleiit  tu  110  TkoI  of  eijiintoriai  (le^rewdou.) 
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represents  twetity-flve  deposits  and  several  (five  to  six)  oscillations,  is 
ouly  31.5  meters  thick;  Sables  de  Beauehamp,  13  to  14  meters;  the 
Calcaire  de  St.  Oaeu,  with  ten  altematiag  deposits,  isonly  6 to 7  meters; 
marine  ifypsum,  16  to  17  meters;  palustrtne  g,vp8iim,  20  meters;  Sables 
d'EtAmpes,  11  to  12  meters. 

In  the  Isle  of  Wight  the  beds  are  thicker,  bnt  also  richer  in  mechani- 
cal deposits:  Plastic  clay,  26  meters;  Loodon  clay,  61  meters;  Lower 
Bagshot  (saod,  clay,  lignite,  and  ferraginous  sandstone,  with  seven 
alternating  deposits),  iu  all,  200  meters;  Bracklesham,  of  Ihesame  kind 
as  the  preceding  and  without  any  alternation,  33.5/iieters;  Middle 
Bagahot,  91  meters;  Upper  Bagshot,  (sand,  without  alternations),  37 
meters;  Lower  Headon,  21  meters;  Middle,  7' meters,  and  Upper 
Hnulon,  26  meters;  Usbome  Series,  19  meters;  Bembridge  limestone, 
7.6  meters;  Bembridge  marl,  23  meters;-  and  Hempstead  Series,  52 
meters. 

From  Belginm  we  have  the  following  thicknesses :  Montien  (coarse 
Umestone  with  foraminifera),  93  meters ;  Heersien,  32  meters ;  Land- 
enien,  abont  60  meters;  Ypr^sien,  140  meters;  Brusellien,  50  meters; 
Laekenien,  10  meters ;  Wemmelien,  np  to  80  meters  (only  determined 
byboriug);  Tongrien,  21  meters;  Rupelien,  60  meters;  Anversien,  3 
to  4  meters  (bat  near  Utrecht,  in  an  artesian  well,  130  meters). 

The  thicknesses  in  the  basin  of  Mayence  are  as  follows :  Alzeyer  sand, 
SO  meters;  iSeptona  clay,  SO  meters ;  Elsheimer  sands,  60  meters;  Cy- 
mui marls, 40 meters ;  £7enYAiumlimestones,25  meters;  OorMcuIa  lime- 
stones, 26  meters ;  iJitorineUa  clay,  20  meters.  In  Italy,  Segnenza  gives 
the  following  thicknesses:  Bartonien  (in  part  conglomerates,  and  per- 
haps several  oscillations),  300  meters ;  Tongrien,  50  meters ;  Langhien, 
Astien,  and  Saharien,  each  200  meters;  Znncleen,  300  meters.  The 
Swiss  Mollasse,  which  is  a  shore  formation,  is  so  thick  that  it  forms 
ffbole  moantains;  but,  according  to  Charles  Mayer-Eymar,  the  Aqui- 
taniao  bas  a  much  greater  and,  indeed,  quite  exceptional-  thickness 
near  Bormida,  In  Tuscany,  Here  we  find  (probably  inclined  from  the 
Srst)  fresh- water  and  superiorly  marine  shore  formations  with  manifold 
alternations  of  sandstone  and  shales,  the  thickness  of  which,  although 
it  has  not  been  exactly  measured,  is  believed  lo  be  3,000  meters,  and 
allsapposed  to  be  formed  in  the  Aquitaniaii  period.  And  the  same 
stage,  according  to  Giimbel,  has  a  similar  thickness  in  Bavaria.  Etna, 
which  is  12,000  feet  high,  bas  been  built  up  by  volcanic  eruptions  iu 
tiie  moat  recent  geological  period,  and  since  the  Mediterranean  had 
aeqnired  a  fauna  essentially  the  same  as  at  the  present  day. 

The  formation  of  the  Mediterranean,  with  its  strong  vulcanism,  has 
been  distinguished,  according  to  Suess  and  Neumayr,  by  very  consider- 
able displacements  of  the  earth's  body.  The  Bgean  Sea  and  the  Adri- 
atic have  been  formed  by  depressions  in  the  latest  geological  period. 
Under  sach  circumstances  very  thick  deposits  may  be  formed  near  land 
in  a  short  time.  Eocene  marine  deposits  are  uplifted  21,000  f(?et  above 
the  Bea  in  folded  ranges  (e.  g.,  in  Upper  Asia).    But  all  these  are  only 
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lucal  disturbances.  If  we  luru,  ou  tbe  other  baml,  to  localities  wbere 
tlio  coiiditious  tiATO  been  more  quietly  developed,  we  fiud,  :i8  may  be 
seen  from  tlie  preceding  statements,  that  tlio  stages  have  only  a  smatl 
tbickneas.  Tbe  deposits  which  form  them  are  partly  fresb-water  forma- 
tions, partly  formations  from  shallow  seas;  there  are  no  well-marked 
deep-sea  formations  among  them.  They  are  to  a  great  extent — perhaps 
for  the  most  part — formed  in  inland  seas  and  bays,  in  basins  which  were 
separated  by  banks  from  the  open  sea.  We  may  arrive  at  this  concln- 
eion  from  the  circumstance  that  salt-water  and  fresh- water  formations  so 
frequently  alternate  in  tbe  Tertiary  deposits;  for  it  is  only  when  strati- 
fled  formations  take  place  in  basin-shaped  depressions  that  fresh-water 
basins  can  be  formed  when  tbe  sea  retires. 

And  if  we  have  deep  basins  which  are  separated  by  banks  ftom  the 
open  sea,  a  rising  or  sinking  of  the  sfaore-line  by  some  few  met«rs  will 
be  sufficient  to  sabmerge  or  lay  dry  the  banks.  Tbe  deep  basin  will 
then  alternately  be  salt  and  fresh.  And  a  rising  of  tbe  sea  by  a  few 
meters  will  likewise  suffice  to  cause  the  formation  of  thick  salt-water 
deposits  in  the  basin.  If  the  bank  then  again  rises  a  few  meters,  tbe 
basin  will  remain  freah,  and  thick  fresh-water  beds  can  be  deposited 
above  the  marine  beds.  In  this  way  the  formation  of  alternating  salt 
and  fresh -water  beds  may  continie,  under  small  displacements  of  the 
coast  line,  until  the  basin  is  filled  up. 

It  wonid  seem  to  be  more  difficult  to  reconcile  the  hypothesis  with 
the  very  considerable  elevations  which  particular  countries  havean- 
dergone  in  the  period  which  has  elapsed  since  tbe  Glacial  period.  Thus 
near  Ohristiania  and  Tiondbeim  the  highest  trace  of  the  sea  from  tbe 
Pt>Bt-glacial  time  is  sitoated  188  meters  above  the  sea.  Bnt  in  other 
parts  of  our  country  the  highest  marine  terraces  are  much  lower,  so 
that  it  would  seem  as  if  the  elevation  has  not  been  everywhere  equally 
great.  It  seems  to  have  l>een  weaker  and  weaker  ouLwards  from  the 
center  of  tbe  country.  Id  southern  Sweden  and  Denmark  it  has  idso 
been  inconsiderable  in  tbe  same  period.  Penck  has  shown  ("  Schwao- 
knngen  dcs  Meeresspiegels,"  in  Jahrb.  Qeogr.  Qes,  MUncken,  Bd.  Tii.) 
that  an  inland  ice  exerts  an  attraction  upon  the  sea,  which,  for  this 
reason,  stands  higher  on  tbe  coast  of  a  ooantry,  when  the  land  is  cov- 
ered with  ice.  The  melting  of  the  inland  ice  may  therefore  have  caused 
tbe  sea  on  our  coasts  to  sink  somewhat,  but  tbo  diff.>rence  between  the 
situations  of  tbe  highest  marine  traces  in  tbe  diflerent  parts  of  Scan- 
dinavia is  so  great,*  ereu  in  neighboring  localities,  that  it  could  not 
be  explained  in  this  way ;  and  tbe  most  probable  explanation  wunld 
bo  that  the  land  has  risen  in  different  degrees  at  different  places-t     It 

'  Sec  E.  von  DrygaUki,  "  I)iu  Oi^idileforniiitioiieii  iler  Eiazoit,"  iu  Zeittckr.  d.  Get. 
f.  Krdkundein  llcrlin,  lUtf},  Bd.  xxii,  pp.  ViHelBeq. 

t  AafmilaraneqnalelevalioQ  ha!«probab1y  alaotakeu  place  ilr-riDge&rliot  periods  of 
elevation.  In  tlio  BerKOQ  conglomerate,  the  old  ehales  are  8ituat«d  at  a  bighor  level, 
tlio  farther  one  goes  from  tbe  shore.  (.See  KJerulf,  Vdiigi  ortr  del  fgdl.  Norgat  Oe- 
ologi,  Cbrirtlauia,  1S79,  pp.  1.14-156,  el«. ;  aod  Uellanrt  in  Ardi.  /.  Matli.  ag  Natw. 
Chrirtlauia,  1881,  Bd.  vi.  p.  3S3.) 
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is  also  a  probable  suppositiou  that  tbe  crust  Iids  iiol  evcrjwliere  tlie 
ssmeiiower  of  resiBtance  to  the  interior  pressurti,  ainl  csiMicialty  tliat 
tbe  plastic  mass  may  press  in  ander  tbe  more  yieldiug  parts  of  tbe  sur- 
face. We  have  a  strlkiug  example  of  this  la  tbe  laccolites  noticed  in 
North  America.  Ernptive  matter  is  here  pressed  up  from  below,  and 
has  lifted  tbe  bed  into  dome-shaped  vaults,  so  that  the  elevations  have 
beeo  diflferent  in  degree  in  difierent  places,  and  greatest  in  the  middle 
of  the  domes.  We  may  imagine  that  similar  forces,  but  on  a  mticb  lar- 
ger scale,  have  contributed  to  the  elevation  of  Scandiuavia ; — tbat  Scan- 
UiDAvia  is,  ait  venia  verba,  as  it  were  a  laccolite  on  a  larger  scale.  We 
most  in  Ibe  next  place  remember  that  the  changes  of  tbe  earth's  surface 
which  have  taken  place  in  the  Tertiary  and  Quaternary  periods,  bow- 
ever  great  tbey  seem  to  be  in  onr  eyes,  are  inconsiderable  in  relation  to 
tlie  vbole  mass  of  tbe  eartb.  Even  small  forces,  wbere  they  act  upon 
a  great  mass,  may  prodnce  very  considerable  local  effects,  provided 
tliat  the  changes  do  not  everywhere  occur  upon  the  same  scale.  If  we 
consider  tbat  in  this  way  tbe  elevafions  are  not  everywhere  equally 
great,  tben  a  depression  of  the  eqnatorial  belt  ofonly  a  couple  of  meters 
«tll  suffice  to  cause  many  such  countries  as  Scandiuavia  to  rise  many 
meters,  and  there  will  still  remain  pressure  which  is  not  exbansted. 

Of  course  it  is  not  said  that  whenever  the  eccentricity  has  attained 
a  high  value,  Scandinavia  will  rise  to  an  equally  great  amount.  U  the 
elevation  has  been  great  in  n  given  period,  it  is  probable  that  tbe  next 
period  of  elevation  will  have  more  difficulty  in  nphearing  the  previously 
elevated  land.  The  iiosition  of  tbe  weakest  points  will  vary.  The  uex  t 
tiioe,  perhaps,  the  elevation  will  chiefly  affect  other  localities.  If  we 
oHtBider  the  Tertiary  formations  iu  Europe,  we  see  that  tbe  series  of 
deposits  is  nowhere  complete.  It  is  only  by  combining  all  the  deposits 
formed  at  different  places  that  wo  can  obtain  a  complete  outline.  In 
|)art,  this  is  certainly  due  to  tbe  fact  that  tbe  changes  of  form  in  the  solid 
earth  have  not  taken  place  simultaueously  everywhere.  The  great  ec- 
eentricities  produced  upheavals  at  different  times  iu  different  places. 

There  is  lastly  a  circumstance  of  great  importance  which  may  here 
be  indicated,  and  which  shows  how  quietly  oscillations  take  place  under 
normal  conditions.  Although  according  to  our  hypothesis,  tho  radii  of 
Ibe  liigber  latitudes  constantly  lengthen,  while  tbose  of  lower  latitudes 
are  shortened,  yet  tiirough  long  geological  periods  coast-lines  return  re- 
peatedly, during  their  displacements,  to  their  old  position.  Thus  A.  de 
Lapparent  {Bull.  Soc.  Qiol.  France,  s^r.  3,  vol.  xv.  p.  400}  says :  "  I  have 
indicated,  in  the  Cotentiu,  an  agreement  between  the  actual  shores  and 
those  at  which  the  sea  stopped  at  various  e[>ocli8  of  geological  history. 
I  have  there  shown  sbore-liues  reproduced,  almost  without  variations  of 
altitude,  in  the  Hettangian,  Sinemuriau,  Liassian,  Cenomanian,  Daninn, 
Parisian,  Tongrian,  Pliocene,  and  present  epochs,  ■  -  -  and  that 
eight  or  nine  times  at  least,  since  the  Priuiary  era,  tbe  coincidence  of 
the  shores  has  been  reproduced  at  the  8«une  point; "  and  in  the  same 
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work  (p.  277)  liv  says :  "  It  is  only  by  tens  of  meters  thut  on  tbo  coMt 
of  the  GotCDtiii  we  must  reckon  the  differences  between  the  sncceasive 
levels  of  the  seas,  from  the  Trias  down  to  the  present  day.**  Here  we 
see  that  the  variations  of  level  have  taken  place  with  great  regDlarity. 
The  sea  has  risen,  and  later  on  the  land  has  been  elevated;  and  these 
alternate  risings  and  sinkings  have  occurred  with  such  regnlarity  that 
the  coast'liue  again  and  again,  at  long  intervals,  has  returned  about  to 
Its  old  plac«. 

After  this  there  seems  really  to  be  a  possibility  that  oar  hypothesis 
is  Hufflcient  to  explaiu  tlie  displacements  of  the  shore-lines  which  have 
taken  place.  We  have  hitherto  considered  the  conditions  under  high 
latitudes.  Under  lower  latitudes  all  may  sink.  Here  "Horste"  may 
be  formed  such  as  Suess  supposes,  and  as  to  the  occurrence  of  these 
localities  LappareTit's  criticism  is  unsatisfactory.  He  has  attacked 
Sness's  theory  of  "  Horste"  in  its  entirety,  but  he  has  criticised  it  spe- 
cially only  for  snch  localities  (Colorado,  Tosges,  Black  Forrest,  and  the 
central  plateau  of  France)  as  lie  under  high  latitudes.  The  localities 
named  have  (according  to  Lapparent)  risen  more  than  their  environ- 
ment, which  also  is  quite  in  accordance  with  the  opinion  above  devel- 
oped. But  under  lower  latitudes,  when  a  general  sinking  takes  place 
in  tbo  course  of  time,  resistant  parts  will  form  true  "Horste"  in  Sness'a 
sense.  And  it  scarcely  goes  against  our  hypothesis  to  assume,  with 
Suesa,  that  the  Indian  Ocean  is  formed  by  depression,  and  that  AfVica, 
Madagascar,  India,  &c,  are  "Horste,"  parts  of  the  crust  which  have 
remained  in  position,  or  which  have  sunk  less  than  the  neighboring 
ret^ions.  in  thesecountrie3,sofaras  their  geology  is  known  at  preseni, 
there  seem  to  be  few  marine  formations  of  the  Mesozoic  and  CainoEoic 
epochs. 

I  have  said  above  that  the  different  parts  of  the  cmstmay  be  assumed 
to  hare  different  |>owers  of  resistance  against  the  interior  pressure. 
This  may  indeed  lie  concluded  from  the  fact  that  the  surface  ia  uneven, 
and  that  old  (originally  horizontal)  formations  have  been  upheaved  un- 
equally at  dJQereut  spots.  In  other  words,  there  is  au  inequality  of  the 
Burface,  which  has  a  deeper  cause  than  the  operation  of  eroding  forces. 

Changes  of  the  earth's  crust  in  reality  happen  in  the  moat  rarioos 
degrees  at  different  times.  The  greatest  convulsionsoccnr  in  the  folded 
mouutainchains,  and  this  has  been  the  case  in  all  geological  periods. 
It  is  worthy  of  note  that  places  where  great  foldings  took  place  in  an- 
cient times  seem  to  have  been  subsequently  unaffected  by  processes  (rf 
fohling.*  For  upon  the  abraded  summits  of  old  folds  there  often  lie 
other  old  formations  iu  an  undisturbed  horizontal  position.  The  most 
highly  folded  chains  are  also  those  in  which  plications  have  been  con- 

"  If  tliepurth's  nxls,  bohouiii  BHtruiioiuors  (e.  3.,  Gjlilen)think,  mayBbin  its  potition 
iu  tUo  course  of  time,  calculalioiis  as  to  tlio  preseare  proiluced  hj  the  leagtbeaing  of 
the  day  will  also  change,  and  the  gttiiations  of  the  parte  of  the  omat  expowd  lo  tli« 
Ki^atest  preHBLire  nil!  also  shift. 

n,g,t,7i.-JM,.COO<^le 
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tjoaed  to  the  latest  time.  Along  boili  sides  of  the  Pacific  Oceau  from 
Cape  Ooni  to  tbe  Aleutian  Islands,  nnd  opposite  to  this  along  the  enst 
Goagt  of  Aula  as  far  as  tbe  Suiidn  Islands,  strike  mtgbty  chains  asso- 
ciated with  series  of  volcanoes;  and  from  the  Himalaya  throagb  tbe 
CsDCBSQS,  Balkans,  Pyrenees,  and  Atlas  a  similar  series  of  vast  chains 
stretches  throngb  localities  which  are  often  volcanic.  These  highest 
mooDtains  of  tbe  earth  are  also  tbe  yonngest ;  they  are  still  the  least 
afected  by  tbe  tootb  of  time.* 

Bnt  these  strongly  folded  localities  are  of  small  extent  in  comparison 
iritl)  tbe  other  parts  of  the  earth's  surface.  On  both  sides  of  these 
folds  there  are  great  plat^aax  and  plains,  quit«  or  nearly  without  any 
plicatioos,  and  on  the  whole  with  undisturbed  horizontal  beds.  These 
are  Suess's  "  tables"  (Ta/eln).  Africa,  Western  North  America,  (in  tbe 
Easteni  there  are  no  younger  plications  than  from  Carboniferous  times,) 
Brazil,  Aastralia,  Arabia,  Persia,  India,  Siberia,  and  Rassia,  are  such 
"tables,"  in  which  the  crast  is  much  less  disturbed.  Andnodonbt  the 
Bune  thing  applies  to  the  sea-baeins,  or  at  any  rate  to  the  greater  part 
of  them. 

When  tbe  sidereal  day  lengthens,  the  sea  at  once  adjusts  itself  to  the 
new  conditions.  It  siuks  nnder  tbe  lower,  and  rises  nnder  the  higher 
iatitndes.  According  as  the  interior  pressure  npon  the  crust  increases 
towards  tbe  poles,  the  opposite  pressure  upon  the  sea-bottom  also  in- 
creases in  the  same  refpous,  because  the  sea  rises.  Bnt  the  parts  not 
covered  by  the  sea  are  exposed  alone  to  the  increasing  pressnre  from 
the  interior  without  any  exterior  count«rpressure  being  developed. 
[fnderlower  latitudes  tbe  pnme  thing  takes  place.  According  as  tbe 
ernet  increases  in  weight  the  sea  sinks,  and  tbe  pressure  npon  the  in- 
terior increases  more  rapidly  in  tbe  continents,  where  nothing  is  re- 
moved, than  in  the  sea,  where  tbe  level  of  the  water  sinks.  Therefore 
I  think  that  the  continents  are  weak  points.  The  sea's  movements 
weaken  tho  effects  of  tbe  diminishing  centrifugal  force  for  all  parts 
covered  by  the  sea,  bnt  the  pressure  acts  with  undiminished  force 
everywhere  on  the  solid  land,  both  under  low  and  nnder  high  latitudes. 
Wbatever  tbe  cause  may  have  been  that  originally  determined  the  dis- 
tnbntiOD  of  land  and  sea  upon  our  glob^,  it  seems  to  me  that  we  may 
reasonably  assume  that  tbe  sea's  mobility  is  a  preservative  force,  which 
perhaps  has  contribnted  to  make  the  continents  and  oceans,  broadly 
speaking,  retain  tbeir  form  from  tbe  most  ancient  times  until  now. 

There  is  also  reason  to  believe  that  tbe  continents  may  yield  more 
easily  than  tbe  bottom  of  the  deep  sea,  and  that  they  may  rise  and  sink 
more  readily.  And  they  are  also  separated  from  the  depths  of  ocean 
by  lines  abounding  in  volcanoes,  lines  of  weakness,  where  the  connec- 
tion between  the  parts  of  the  crusts  seems  to  be  weaker  than  elsewhere. 

'Theiainmarf  faer«  eiveo  in  fouodeil  aptin  Huefta's  interesting  aludies  Id  bis  great 
work  "  Aotliti!  der  Erds." 
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Proct»iHes  of  plication  may  alBO  iierba[>!i  be  ft  couseqaence  of  the  move- 
meut  of  "tables"  not  being  of  the  same  kind  on  both  sides. 

But  the  bouDdaries  between  the  deep  ocean  and  the  foot  of  the  con- 
tinents do  not  ererywhere  coincide  with  the  esisting  shore.  Along  the 
coasts  there  are  otten  shallow  tracts  in  the  sea.  These  are  the  foot  of 
the  laud  which  the  sea  bae  flooded,  and  the  great  deep  aen  only  com- 
mences farther  out. 

The  Trias  period  has  received  its  name  becaose  it  shows  a  distanct 
triple  division.  It  commeaces  with  ftesh-water  and  littoral  formations, 
u]>oD  which  follow  formations  of  deeper  water,  and  then  closes  with 
fresh-water  and  shore  formations.  At  its  commencement  the  land  was 
high  relatively  to  the  sea ;  as  it  went  oA  the  sea  rose  higher  and  higher ; 
then  the  land  again  began  to  rise,  and  at  the  end  of  the  period  it  was 
again  high  in  relation  to  the  sea.  And  these  great  changes  in  lliesita- 
ation  of  the  coaet-liue  were  nodonbteffectedby  means  of  many  smaller 
oscillations. 

But  jnst  as  it  is  with  the  Trias,  so  is  it  also  with  other  geological 
formations.  Tbey  commence  with  littoral  formations  (there  is  often  a 
conglomerate  at  the  bottom] ;  these  are  followed  by  deeper  mariue 
formations,  and  at  the  close  we  have  again  shore  formations.  The  nauie 
of  Trias  would  therefore  really  apply  to  all  of  them.  The  first  person 
to  call  attention  to  tbis  remarkable  triple  division  of  formations  would 
seem  to  have  been  Eivton.  It  was  subsequently  discussed  by  J.  S.  New- 
berry in  his  memoir  entitled  "  Circles  of  De|>08ition  in  American  Sedi- 
mentary Rocks"  {Proc.  Amer,  Assoc.,  1873,  vol.  xxil,  p.  185),  and  Hull 
{Trans.  Get-l.  Soc.  Glasgow,  1868,  in.,  pt  1,  p.  39) ;  see  also  A.  Geikie, 
"  Text-book  of  Geology,"  p.  498,  where  further  references  to  literatore 
will  be  found.  Principal  Dawson  called  these  tripartite  periods  "cycles," 
and  in  bis  "  Story  of  the  £arth  and  Man  "  he  established  the  following 
cycles  of  tbis  kind  :  (1)  Cambrian;  (2)  Lower  Silurian ;  (3)  Upper  Silu- 
rian ;  (4)  Devonian  ;  (S)  Carboniferous ;  (6)  Permian;  [7)  Trias  j  (8) 
Lower  Jurassic ;  (9)  Middle  Jurassic;  (10)  Upper  Jurassic;  (11)  Creta- 
ceous; and  (12)  Tertiary.*  It  appears  therefore  that  these  cycles  are 
periods  of  long  duration ;  each  of  them  has  certainly  lasted  several 
hundred  thousand  years.  And  in  the  middle  of  each  cycle  the  great 
overflows  of  the  sea  have  attained  their  highest  point.  The  cycles 
alternate  with  continental  periods.  During  the  elevation  of  the  land 
the  horizontal  position  of  the  strata  was  often  disturbed,  so  that  the 
deposits  of  the  new  cycle  lie  unconformably  upon  the  older  ones. 

In  this  way  the  development  has  gone  on,  at  any  rate  in  the  northern 
Iiemisphere.  Mojsisowics,  Sueas,  and  others  have  pointed  ont  that  it 
has  taken  place  simultaneously  in  the  same  direction  in  Europe,  Asia, 
and  North  America.  These  great  changes  have  taken  place  over  the 
whole  of  the  northern  hemisphere,  and  on  both  sides  of  the  oceans  they 

'  We  sfaal)  Bee  hereafter  tliat  tbU  formiition  JDolndH  two  o; oles. 
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have  coiieUDtly  bad  the  same  directioit.  Ami  tbe  same  geologists  have 
jastly  insisted  ttiat  tbis  law  ia  ooe  of  the  most  remarkable  results  oC 
geolojiica]  Investigations. 

The  developmeat  of  organic  life,  as  we  now  know,  has  gone  on  nnin- 
terraptedly  fh)m  the  earliest  times.  There  has  certainly  never  been  nny 
geatTSil  destraction,  never  any  completely  new  creation.  Tbe  new  has 
developed  from  the  old  through  transitional  forms  and  in  the  course  of 
millions  of  years.  If  we  kn«wall  the  deposits  which  have  been  formed 
it  Tould  be  impossible  to  draw  any  boandaries  between  geological 
formatioQS.  One  would  imperceptibly  pass  over  into  tbe  other.  The 
boQDdaries  between  formations  correspond  with  great  gaps  in  the  series 
or  beds.  In  the  time  which  intervened  between  the  youngest  bed  in  nn 
olderand  the  oldest  in  a  younger  cycle,  the  land  in  the  northern  hemi- 
sphere lay  so  high  that  no  marine  deposit-s  were  formed  in  the  parts  of 
theearth's  crast  which  are  accessible  to  oar  investigations.  Nevertbe- 
leaathe  development  of  living  forms  wont  on  its  even  course.  But 
vheo,  after  a  long  time,  tbe  land  was  again  submerged,  the  life  in  tbe 
UA  had  changed,  and  beds  with  new  fossils  were  deposited  npon  the 
old  onea  And  it  is  from  the  animal  remains  of  marine  deijosits  that 
tbe  farmations  are  determined.  Hence,  tbe  sudden  change  of  fossils 
vbereanew  formation  commences  is  not  due  to  any  catastrophe,  but 
simply  to  a  shorter  or  longer  interruption  in  tbe  formation  of  deposits 
in  tbe  parts  of  tbe  earth  which  we  are  able  to  examine.  There  is  no 
doabt  that  there  are  transition  beds  between  formations,  but  they  lie 
concealed  from  ns  at  the  bottom  of  tbe  sea.  It  is  only  iucertain  strongly 
plicated  chains  that  these  beds  are  upheaved  and  can  l>e  examined, 
Thas  in  the  Alps  there  are  transitional  beds  between  tbe  Cretaceous 
«n(i  Tertiary,  between  the  Permian  and  Trias,  etc." 

If  ve  should  attempt  to  establish  geological  formations  by  the  aid  of 
tile  known  remains  of  terrestrial  animals  and  plants,  tbe  boundaries  of 
these  would  not  coincide  with  those  which  are  defined  by  marine  ani- 
malB.t  Thus,  to  mention  an  example,  tbe  appearance  of  Dicotyledons  ' 
iio«e  not  coincide  with  tbe  boundary  of  any  formation;  but  they  first 
appear  with  a  namber  of  forms  in  the  Upper  Cretaceous  [>eriod  (Ceno- 
manian). 


'"Ai  long  mga  aa  1H46,  Darwio,  in  bU  obncTTatioue  in  Sooth  Aiuericit,  Hbowed  that 
CfrUiniBeinblagesof  fowilspreMDted  nbleudingofcbaractersnltich  aivof  Juroiwio 
•ndCreUceouaage,  reapectivel7.  Siocc  tliat  ilttte,  llie  ituUy  of  tbe  foeail  fuuuMof 
Swth  Africft,  India,  AuBtralia,  New  Zealand,  .iiid  tbe  Weetero  Territoriia  of  North 
^iixnca  baa  fumiahed  an  ahiindance  of  facts  of  tbe  same  kind,  showing  tbat  no 
°UHiGc*tion  of  geologieBl  [leriods  can  poasiblf  be  of  world-wide  application."  (J. 
V<  Ja4d,  preaidsntial  addrem  to  the  Geological  Society,  I88S,  and  Nature,  Marcb  I, 
l^,  p.  426).  See  also  Mojxisowica,  Die  Dolomilriffe  SUilliroU  und  Feueiient,  Vieuna, 
ISrS,  p.  36;  and  von  Ilaner,  Die  Oeologie,  Vienna,  1875,  p.  r.l5. 

*"The  growth  of  our  knowlege  coaoernicig  tbe  terrestrial  faiinaa  and  dorai  of  nn- 
CMnt  geological  periods  has  conatkiitty  forced  npon  tbe  niinils  of  many  geologists  the 
'»***«t;of  a  daplicatoclaMilicatiOD  of  geological  periods,  based  on  the  stndy  at 
"«iae tui  terrestrial  organlBms  regpeotlvelf ,"    (J.  W.  Judd,  loc.  cit.  p.  427.)      ''^i. > ^ 
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From  Tertiary  times,  with  the  exception  of  the  (leposits  in  the  great 
mouDtaiu-diHins,  we  know  ooly  formations  of  shallow  seas.  The  Ter- 
tiary 'leposits  which  correspoud  to  the  deep-sea  stmta  of  older  forma- 
tions, and  which  were  deposited  farther  from  tbo  land  dnring  that 
period  without  their  formation  being  interfered  with  by  the  nnmeroos 
minor  oscillations  of  the  coast-lines,  still  remain  for  the  most  part  con- 
cealed from  as  iu  the  sea. 

Laud- formations,  fresb-waterand  littoral  formations  aach  as  we  bare 
iu  abundance  in  our  Tertiary  basins,  are  greatly  exposed  to  destmction, 
for  they  are  more  frequently  elevated  above  the  protecting  aea.  In  the 
older  cycles  such  formations  are  more  rare,  probably  to  a  great  extent 
because  they  have  been  destroyed  by  denudation.  We  may  therefore 
conclude  that  the  Tertiary  formations  wonld  much  more  resemble  those 
of  the  older  cycles  ifonr  knowledge  of  them  all  were  equal.  Of  the  older 
cycles  we  often  know  especially  the  deep-water  formations,  of  the  young- 
est chiefly  those  of  more  shallow  waters.  At  some  far-distant  period 
the  exposed  Tertiary  formations  will  come  to  equal  those  which  are  now 
visible  from  older  cycles. 

Dawson  {/.  e,  pp.  17&-I79)  expresses  the  notion  that  the  remarkable 
regularity  with  which  such  cycles  recur  may  ]>erhapa  have  a  cosmical 
cause  and  be  conditioned  by  one  or  another  astronomical  period.  But 
he  seems  afterwards  to  reject  this  idea,  because  the  Palfeozoic  cycles 
have  deposits  which  are  four  or  five  times  as  thick  as  the  Kfesozoic  (I.  c. 
p.  196),  and  we  might  therefore  believe  that  more  time  must  have  been 
occupied  in  their  formation.  But,  on  the  other  hand,  he  notes  that  in 
I'alsKizoic  times  changes  in  the  organic  world  weuton  much  more  slowly 
iu  relation  to  the  formation  of  deposits  than  subsequently,  so  that  the 
fossils  extend  through  greater  thicknesses  of  strata  than  in  the  thinner, 
newer  cycles.  If  I  were  to  judge  from  these  facts  adduced  by  Dawsou, 
I  should  coQie  to  a  different  cnnclusion ;  I  should  reganl  it  as  a  proba- 
ble supposition  that  the  formation  of  deposits  went  on  more  rapidly  in 
Pftlfeozoic  times  than  lateron.  If  the  moon  at  that  time  werenearerto 
ns  and  the  si<)ereal  day  shorter,  :is  Darwin  thinks,  the  tidal  wave  must 
both  have  Ih;cii  stronger  and  have  acted  more  frequently  than  at  pres- 
ent. The  coasts  would  be  destroyed  much  more  rapidly,  and  the  sea 
would  have  ninch  more  material  to  deposit.  A  cycle  of  this  [wriofl 
would  be  thicker  thnu  the  younger  cycles,  and  the  fossils  would  extend 
through  a  greater  thickness  of  strata  than  in  the  latter.  For  I  see  at 
present  no  probable  ground  i'or  the  supposition  that  the  development  of 
new  species  would  be  accelerated  iu  the  same  degree  as  the  formation 
of  deposits. 

There  is  therefore  reason  to  assume  that  it  is  owing  to  these  great 
changes  in  the  form  of  the  earth,  occurring  at  long  intervals,  that  we 
can  distinguish  between  geological  formations.  But  such  great  changes 
iu  the  distribution  of  laud  and  sea  must  necessarily  also  bring  with  them 
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considerable  cbaoges  of  climate,  and  at  tlie  same  time  also  changes  of 
iJTiDg  forms.  I  have  already,  in  uDe  of  my  memoirs,  put  forward  the 
opiDion  that  the  glacial  period  had  it«  origin  in  a  change  of  the  dlstri- 
bQtioD  of  land  and  sea  If  the  land  gained  a  great  extension  in  the 
middle  and  higher  latitudes,  e8|>eoially  if  there  should  be  a  formation 
of  brittgesacrossthe  sea  such  as  the  supposed  bridge  througli  the  Faroes 
aod  Iceland  from  Scotland  to  Greenland,  the  warm  nea-cnrrents  would 
Iweiclnded  from  the  higher  Jatitudes.  The  northern  seas  would  Iheu 
become  icy  seas,  and  where  the  suow-fall  is  sufficiently  inland  ice  would 
be  fonned.  Id  a  memoir  entitled  "  Natilrliche  WarmwaaRerheizuug  als 
Princip  der  klimatischen  Znstande  der  geologischen  Formationen "  (in 
AbhandL  Senckenb.  Oeaelltch.  vol.  lur,  p.  277  et  >eq.),  J.  Probst  (like  Sar- 
lorins  ron  Wallersfaanseu,  in  his  Unterauchungen  Uber  die  KHmate  der 
Gtgenwart  und  Verffangenheit,  1865)  has  with  justice  {minted  out  the 
great  importance  which  warm  ftea-cnrreots  have,  and  have  had,  in  ren- 
(leriDg  milder  the  climate  of  high  latitudes. 

Itbas  been  generally  accepted  among  geologists  that  during  the  older 
formations  animal  and  plant  life  was  more  uniform  over  the  whole  earth 
Utan  at  present.  But  this  opinion  must  be  changed  according  to  recent 
JDTestigations.  Thus  J.  W.  Jndd  says  (iVature,  March  1,  1888,  pp.  424 
ft  nq.),  with  regard  to  the  oldest  fossiliferous  deposits  (the  Cambrian) : 
"Bven  at  that  early  period  there  were  llfe-proviuGeB  with  a  distribn- 
tion  of  organisms  in  space  quite  analogous  to  that  which  exists  at  the 
present  day."  Examples  ot  geographical  provinces  are  indicated  by 
iiiin  in  the  Silnriarf,  Trias,  Jura,  and  Cretaceous;  aud  he  says  further: 
"  1  believe  that  the  study  of  fossils  from  remote  parts  of  the  earth's  sur- 
face has  abandaotly  substantiated  Professor  Huxley's  suggestion  that 
eet^Tspbical  provinces  and  zones  may  have  been  as  distinctly  marked 
iu  the  Palffiozoic  epoch  as  at  present." 

Ho6t  deposits  of  ancient  times  belong  to  periods  in  which  the  laud 
laf  low  in  relatiou  to  the  sea,  and  the  difference  between  the  geograph- 
ical provinces  is  far  less  in  the  great  depths  of  the  sea  than  near  the 
BhoicB  and  on  the  solid  ground.  It  has  also  hitherto  beeu  a  general 
ibeory  that  the  climate  in  old  times  was  warmer  and  more  uniform  over 
tbe  vhole  earth  than  now.  The  further  we  go  back,  it  is  said,  the 
•armer  it  was,  and  this  has  been  regarded  as  connected  with  the  inte- 
rior heat  of  the  earth.  Tbe  Glacial  period  was  an  interruption  of  the 
coDtinuity  of  its  gradual  cooling.  In  periods  of  overflow,  when  the 
lasd  lay  low  and  the  sea  had  great  extension  nnder  high  latitudes,  warm 
marine  currents  had  much  easier  access  to  the  poles  thaa  dnring  conti- 
nental periods.  As  we  now  know  most  about  the  deposits  formed  diir- 
ioK  periods  of  overflow,and  as  most  of  tbe  deposits  of  continental  periods 
ue  either  removed  by  denudation  or  concealed  under  the  sea,  it  is  still 
probable  that  the  deposits  of  older  cycles  might  show  less  strongly 
muked  geographical  provinces,  and,  as  a  rule,  bear  witness  to  warmer 
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climates  eveu  under  Uigb  latitades.  Bat  the  great  chaDgeH  Id  the  dis- 
tributiou  of  taixl  and  sea  compel  its  to  assume  that,  hand  Jo  hand  with 
them,  occurred  a  periodical  alternation  of  climate,  which  has  been  far 
greater  and  more  radical  than  the  change  produced  by  the  processional 
periods. 

Bamaay,  Croll,  J.  Geitie,  and  others  have  thonght  that  they  fonnd 
more  or  less  certain  traces  of  Glacial  [leriods  in  the  older  formatioue 
(sec,  e.  g.,  J.  Geikie,  "  The  Great  Ice  Age,"  e«l.  2, 1887,  pp.  566  et  teq^.). 
Some  of  these  traces  seem  to  prove  that,* at  any  rate,  there  have  been 
more  Glacial  periods  than  the  Post-tertiary  one.  Neverthelesa  vou 
RichtbofcD  remarks  {Fiihrer  fiir  Forschungar«isende,  p,  362)  that  these 
supposed  traces  of  Glacial  perio<ls  are  perhaps  only  a  phenomenon  of 
abrasion,  and  that  the  actiou  of  the  waves  upon  the  shore  conld  pro- 
duce conglomerates  with  striated  stones.  As  regards  theiie  8uppose<l 
old  Glacial  periods,  the  most  certain  traces  (see  J.  Geikie,  I.  c.)  appear 
to  be  fnraished  by  the  Devonian  Sandstone,  "Old  Bed,"  in  England  and 
Scotland,  by  the  commencement  of  the  Oarboniferons  period  (Scotland), 
by  the  Permian  conglomerate  (England),  and  by  the  Eocene  (Switzer- 
land). The  most  striking  evidence  (with  striated  stones)  is  from  tho 
periods  when  the  land  bad  great  extension. 

As  regards  these  great  overflows,  it  most  be  remembered  thai  it  is 
only  in  folded  chains  and  in  strongly  elevatetl  regions  {e.g.  in  the  Alps, 
Himalaya,  Colorado,  etc.)  that  sea-formed  deposits  of  the  later  and  lat- 
est geological  periods  occnr  at  very  considerable  elevations  above  the 
sea.  These  great  elevations,  if  we  consider  them  in  relation  to  tiie 
whole,  can  only  be  regarded  as  quite  local  phenomena.  At  the  time 
when  the  deposits  were  formed  they  lay  much  lower,  and  when  we  now 
And  an  alternation  of  marine  and  fresh-water  deposits  in  such  forma- 
tions we  must  not  suppose  that  the  sea  rose  and  sank  in  relation  to  the 
land  by  thousands  of  feet  at  each  oscillation.  During  tlie  period  of 
formation  the  shore-line  need  only  have  moved  up  and  down  a  few  me- 
ters. Afterward  the  whole  system  of  strata  was  lifted  high  above  its 
original  level  by  locally  acting  "geotectonic"  forces. 

Therefore  I  assume  that  even  tho  great  overflows  do  not  depend  upon 
any  very  considerable  displacement  of  coast-lines  in  a  vertical  direc- 
tion. When  there  are  large  flat  countries  with  basin-shaped  depres- 
sions, a  small  elevation  may  suCGce  to  produce  great  geographical 
changes. 

Possibly  also  these  overflows  may  he  dne  to  changes  in  the  eccen- 
tricity of  the  orbit. 

We  will  now  test  our  hypothesis  by  a  comparison  between  the  astro 
uomical  periods  and  the  geological  series  of  deposits. 

The  curve  of  the  eccentricity  of  the  earth's  orbit  has  been  calculated 
fromLeverrier'sforraulie  by  J. Croll  ("Climate  and  Time,"  1875,  p. 312) 
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fomperiml  of  foDF  milliousof  jcnrs;  tbre«  millioDB  of  years  backward 
<tnd  ODe  million  forward  from  tlie  present  time.  The  cnrre  is  also  ual- 
cnlated  according  to  tliesame  fonnulie  by  McFarland  {Amer.  Journ.  Sot., 
1S80,  |3},  vol.  XX,  pp.  105-111).  His  calvnlatiou  extends  from  ^,2.'>0,000 
jeare  backward,  to  1,250,000  years  forwanl  in  time.*  He  lias  calculateil 
witb  shorter  intervals  of  time  than  Croll  (CroII  50,000,  McFarlaud  U),00<l 
yeara),  which  however  has  had  no  particular  influence  in  altering  the 
form  of  the  curves.  McFarland  has  in  tlio  same  place  calcnlnted  the 
carve  for  the  same  period  of  time  fh>m  new  formulic  of  Stockwell'i). 
The  two  curves,  taken  in  the  gross,  show  a  uniform  course  throughout 
their  length,  bat  as  regards  the  Qrst  half  Leverrier's  curve  is  thrown 
somewhat  backward.  Stockwell's  formulie  are  considered  to  be  more 
ucarate  than  Leverrier's. 

Both  carves  are  given  by  McFarland.  If  we  compare  them  together 
it  appears — 

(1)  The  carves  coiocide  with  only  a  small  essential  difference  from 
the  present  day  niitil  one  million  years  back. 

(2)  If  we  omit  the  portion  between  7'  and  8*  of  Leverrier's  curve, 
Leverrier'a  and  Stockwell's  curves  are  in  all  essential  points  identical 
also  as  regards  the  older  part,  although  the  agreement  is  not  so  complete 
u  for  the  last  million  of  years.  The  reason  of  this  is  that  the  calcnla- 
tionsare  less  certain  with  regard  to  the  older  periods;  when  the  number 
of  years  enters  as  a  factor  iu  the  formula,  small  errors  in  the  values 
adopted  for  the  planets'  masses  will  be  enlarged  in  proportion  to  the 
time,  and  the  resalt  becomes  less  certain. 

(3)  A  very  remarkable  conseqaeoce  proceeds  from  these  calculations. 
The  curve  repeats  itteff  after  the  lapse  of  1,450,000  years,  when  it  is  cal- 
calated  according  to  Stockwell's  formulie.  In  the  period  of  4,500,000 
years  for  which  McFarlaud  has  calculated  it,  it  repeats  itself  in  this 
way  with  remarkable  regularity  a  little  more  than  three  times.  In  each 
of  these  cycles  there  are  16  arcs  of  the  curve.  Tbns  the  arcs  which  in 
the  accompanying  plate  are  indicated  by  1  to  16  correspond  with  1' 
to  16*  and  1"  to  10".  Mr.  Oeelmnydeu,  from  calculations  which  he  made 
at  my  request,  has  declared  that  the  course  of  the  curve  will  probably 
be  anfBciently  correct  to  be  adopted  with  safety  as  the  fonndation  for 
geologic^  considerations,  and  that  uocertainties  in  the  curve  caused 
by  errors  in  the  masses  employed  by  Stockwell  will  probably  not  be  of 
any  importance. 

(4)  The  mean  value  of  the  eccentricity  is  least  at  the  limits  of  two 
cycles  J  it  rises  iu  the  first  and  sinks  in  the  last  half  of  each  cycle,  anil 
therefore  attains  its  greatest  value  about  the  middle  of  each  cycle. 

*10d  the  BCftle  ahonn  in  the  acconipanyiDKiliagrHiii,  the  ialerval  of  3,000  jeare 
would  occupy  only  lin  of  an  ioch  on  tho  base  line.  The  epoch  of  tlio  t«l)te  (lf>50)— 
mulled  "0"  Id  the  third  lino  o(  curves  (cycle  in,  just  under  the  arc  4") — ma.r  there- 
fi>re  M  well  be  assumed  to  be  the  present  year.  ] 
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Thus  for  the  first  and  second  of  the  calculated  cycles  and  their  subdi- 
visions  it  is  as  follows : 

Cycle  I.     -=-3,250,000-2,720,000  years,  0.0304. 

-^2,720,000-2,1 50,000  years,  0.0332. 

-=-2,150,000-1,810,000  years,  0.0203. 
Cycle  n.    -;- 1,810,000- 1,250,000  years,  0.0247. 

-^1,250,000-    700,000  years,  0.0340. 

^  700,000-  360,000  years,  0.0280. 
Cycle  in.  -i-    350,000  to  the  present  time,  0.0201. 

Now  as,  according  to  oar  hypothesis,  the  sea>level  ander  high  lati- 
tadcA  will  rise  and  fall  with  the  eccentricity,  then  it  roust  not  ooly  rise 
and  fall  oDce  for  each  arc  of  the  curve,  but  the  "  mean  sea-level "  for 
longer  periods  must  also  rise  and  fall  with  the  mean  value  of  the  eccen- 
tricity, and  snch  cycles  as  cycles  i  and  n  must  then  correspond  to  two 
cycles  in  the  geological  segnence  of  deposits.  The  limits  between  the 
cycles  of  the  curve  most  correspond  to  the  periods  of  denudation  which 
diride  the  geological  cycles,  and  the  middle  must  correspond  to  the 
periods  of  overflow. 

The  correctness  of  the  two  hypotheses  put  forward  in  my  memoir  on 
tbe  Alternation  of  Strata  may  (as  already  indicated)  be  tested  in  one 
viy  by  the  comparison  of  geological  iirofiles  with  the  carves  of  the 
eccentricity  of  the  earth's  orbit.  A  first  attempt  was  made  at  the  time 
<riUi  the  Upper  Eocene  and  Oligocene  beds  of  the  Paris-basin. 

Many  difBculties,  however,  stood  in  the  way  of  this  work.  First  and 
foremost  the  calculation  of  the  curve  is  less  certain  for-  distant  periods. 
This  difficulty  is  to  a  certain  extent  got  rid  of  by  the  circumstance  that, 
u  the  curves  repeat  themselves,  it  may  be  less  essential. 

Another  difficulty  is  in  the  finding  of  long  and  accurately  described 
profiles  without  gapq  in  the  series  of  deposits.  Survey-profiles  are  not 
sofficient.  Geologists  often  only  state  that  there  are  few,  some,  or 
maoy  alterations  of  strata,  without  giviug  definite  numbers. 

A  third  difflcalty  is  the  distinguishing  between  the  alternations  of  de- 
posits which  are  due  to  precessions  and  those  which  have  their  cause  in 
other  more  transitory  and  local  conditions.  In  the  case  of  shoreforma- 
tions  this  difficnity  is  especially  perceptible ;  but  it  has  proved  to  be 
less  than  I  supposed  at  first. 

A  fourth  difficnity  consists  in  the  determination  of  the  nnmber  of 
oscillatJona  of  coast-lines.  The  higher  a  place  was  situated,  the  more 
rarely  was  it  overflowed ;  the  lower  it  lay,  the  more  rarely  was  it  up- 
lifted above  the  sea.  And  movementsof  the  solid  body  of  the  earth,  as 
might  be  supposed,  have  not  been  so  uniform  everywhere  as  those  of 
the  sea. 

A  fifth  difficulty  lies  in  the  finding  of  perfectly  typical  profiles  of  the 

stages  produced  by  the  oscillations.    When  the  sea  rose  and  sank 

slowly  the  nnmber  of  marine  ftlternfttioue  of  Btrata  will  be  leas,  an " 
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land  aDd  fresh- water  formations  greater,  the  liigber  tbo  place  lay,  and 
the  shorter  the  time  which  it  remained  submerged  in  theeea,  during  each 
oscillation.  But  this  difficulty  is  of  importance  only  when  the  continu- 
ous profiles  are  so  short  that  they  do  not  embrace  several  oscillations. 

In  the  absence  of  longer,  connected,  and  accurately  traced  profiles  I 
ttave  first  endesvored  to  determine  tbe'number  of  oscillations  of  coast- 
lines as  regards  the  Tertiary  aud  Quaternary  periods.  Each  of  these 
oscillations,  of  which  there  have  been  about  thirty-six  from  the  com- 
raencement  of  the  Tertiary  period  until  now,  has,  in  temporarily  sub- 
merged localities,  produced  an  alternation  of  marine  beds  with  freali 
water  or  terrestrial  formations.  To  each  more  considerable  oscillation 
corresponds  a  geological  "  stage."  In  these  "  stages"  there  is  a  certain 
number  of  alternations.  By  studying  the  literature  of  the  Tertiary 
basins  of  Europe  I  have  in  this  way  formed  a  combined  profile,  which,  ae 
regards  the  alternations  of  strata,  is  not  yet  completed  throughout,  bat 
which  eoesfVom  the  commencement  of  the  Tertiary  to  the  present  tJme, 
and  which  I  shall  now  proceed  to  describe. 

The  mode  in  which  profiles  can  be  compared  with  the  carve  to  tes- 
the  correctness  of  the  hypotheses  is  as  follows:  Each  arc  in  the  cun'e 
will  correspond  to  an  oscillation  of  the  sea.  It  is  supposed  that  under 
high  latitudes  the  coast-lines  move  up  and  down  with  thecnrve.  Sach 
an  oscillation  I  call  a  "  geological  stage."  Each  arc  will  therefore 
have  its  correltponding  oscillation  or  "stage,"  and  in  each  "stage"  there 
will  be  as  many  alternations  of  strataaa  there  are  processional  periods  iu 
the  corresponding  arc.  When  the  eccentricity  only  sinks  inconsiderably 
between  two  or  more  arcs,  the  arcs  run  into  one  another,  and  form  as  it 
were,  ranges  with  two  or  three  small  summits.  We  have  then  "stages" 
with  more  oscillations  and  more  alternations  of  strata  tbao  the  ordinary 
ones.  We  shall  see  examples  of  this  in  what  follows.  We  can  drawaliue 
which  Indicates  the  boundary  between  marine  and  fresh-water  forma- 
tions. This  line  may  be  nearly  or  quite  horizontal.  Whether  it  is  to 
be  drawn  high  or  low  depends  upon  how  much  above  the  sea  the  place 
was  situated  where  the  deposits  were  formed  at  the  time  when  the  depo- 
sition took  place.  The  higher  it  lay,  tbe  higher  must  the  line  be  drawo. 
The  place  may  have  beeu  so  elevated  that  it  never  was  submerged. 
Then  tbe  lines  are  situated  higher  than  the  curve,  and  all  the  deposits 
are  fresh-water  or  terrestrial  formations.  But  it  may  have  lain  so  low 
that  it  never  rose  above  the  sea,  and  all  tbe  deposits  are  marine  forma- 
tions. But  the  line  may  cut  tbe  curve.  Then  marine  formations  alter- 
nate with  land  and  fresh-water  formations.  Tbe  former  correspond  to 
those  arcs  of  the  curve  which  project  above  the  line ;  the  latter  to 
those  which  lie  below  it.  And  when  there  are  no  gaps  in  the  series  of 
deposits,  there  will  be  as  many  alternations  of  deposits  in  the  marine, 
fresh-water,  and  terrestrial  formations  as  there  are  precessional  periods 
in  the  corresponding  arcs  of  the  curve. 
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AaastartJDg-poiDt  I  will  take  tbe  profile  of  the  Paris  basiu*,  wbicli 
I  will  endeavor  to  joiu  on  to  recent  times.  Afterwards  I  will  refer  to 
tbe  lower  and  middle  parts  of  tbe  Eocene  period. 

The  section  of  the  Paris  basin  aboat  M^ry-snr-Oise  {BuU.  ISoc.  OioL 
Fr,  1878,  pp.  243  ct  aeq.)  sbows  tbe  following  oscillations  and  alterna- 
tions of  strata,  and  may,  as  regards  tbe  contianous  portion,  fit  into 
Stockwell's  curve,  as  appears  from  tbe  arc  nnmbers  cited  for  each  oscil- 
lation: 

Sabiea  de  Guise,  marine. 

Galcaire  grossier  iufgriear  et  moyen,  marine,  with  seven  alter- 
nations. 
Calcaire  grossier;  Caillasses  A  Cerithium,  two  marine  alterna- 
tions, and  between  them  a  deposit  with  fresb-water  sbells. 
Calcaire  grossier ;  Caillasses  &  Lucina,  marine,  with  five  alter- 
nations. '' 
Calcaire  grossier ;  Caillasses  A  Cardiam,  marine,  with  eleven 

alternations.    Qap  in  tbe  series. 
Sables  de  Beauchamp,  fresh  water  and  marine,  about  four  alter- 
nations.   Arcs  14-15. 
Calcaire  de  St.  Ouen,  fresh  water,  four  above  which  a  marine  de> 
posit  (summit  of  arc  16),  then  six  fresh-water  alternations. 
Ares  IS  to  2'. 
Oypsum,  marine,  alwnt  eleven  alternations.    Arcs  2'  to  4'. 
Gypse  palustre,  fresb  water,  about  six  alternations.    Arc  5'. 
Marine  verte,  brackish,  two  alternations.    Arc  6'. 
Calcaire  de  Brie,  fresh  water,  one  alternation.    Between  arcs  6' 

and  T. 
Hame  et  Mollfisee,  sables  de  Fontenaye,  marine,  three  alterna- 
tions.   Arc  T. 
Healiferes  de  Montmorency,  Calcaire  de  Beance  (p.  p.),  freshwater. 
Between  arcs  7'  and  8'. 

There  is  only  one  discrepancy :  Arc  16,  tbe  summit  of  which  should 
correspond  to  the  marine  deposit  in  tbe  middle  of  tbe  Calcaire  de  St. 
Oaeiijdoes  not  go  so  high  that  we  should  expect  an  inundation  of  the 
sea.  But  tbe  oscillation  is  at  any  rate  also  indicated  in  Stockwell's 
cnrve,  and  tbe  marine  formation  consists  of  a  single  bed,  and  is  so  faintly 
marked  that  it  has  only  recently  been  recognized. 

Another  profile  from  another  place  in  the  Paris  basin  (la  Frette,  Bull. 
Hoc.  Qoil,  Fr,  1876,  pp.  471  et  seq.)  has  the  same  number  of  alternations 
38  the  above,  and  extends  from  13'  to  2'.  Tbe  marine  bed  at  16  is  want- 
ing in  this  profile,  otherwise  tbe  same  oscillations  are  indicated. 

The  profile  at  M6ry-sur-Oise  has  in  all  seventy-one  alternations  of 
strata,  of  which  twenty-five  are  in  the  Calcaire  gro.  sier.    A  great  part 

'TbiBMotioDie  given  ID  mj-meraoir  on  Alteinalians  of  Strata. 
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of  the  calcuUted  curveis  tberefore  filled  up  by  tlio  occurrence  of  (birtj- 
seven  alteroutioos,  witliout  a  gap  id  the  series  of  deposits.  With  arc 
7'  the  marine  formatioiisof  the  basin  t«rminate.  lu  Miocene  times  came 
the  volcanic  outburstH  in  Anrergne. 

These  oscillations  of  the  coastlines  were  not  confined  to  the  Paris- 
basin.  The  sequence  of  deposits  iu  the  basin  of  the  Gironde,  which 
Eteems  to  have  been  connected  with  the  Paris-basiu  oiiiy  through  the 
Atlantic  Ocean,  is  as  follows  (according  to  Vasseur,  Ann.  Sci.  Oeot.  vol. 
XIII,  pp.  398  et  seq.) : 

The  Tertiary  formations  commeoce  with  the  Middle  Eocene:  Ifnm- 
mulitic  sand  and  course  liinestooe,  marine.  After  this,  elevation  and 
erosion.  Then  again  followed  a  de|>ressiOD :  clay  with  Ostrea  citeuUarii 
(arcs  14  and  15),  and  another  elevation :  lacnstriDe  limestone  of  Plassac, 
and  simultaneously  with  this  brackish-water  limestoue of  B^gadau  (16' 
to  1').  Then  a  new  depression :  maiine  limestone  of  St.  Est^pbe  and 
limestones  and  marls  with  Anomia  girondica  (2'  to  4').  Elevation  and 
erosion :  Mollasse  (fresh  water)  of  Fronsadais  {6't).  Depression : — Cal- 
caire  &  Astt^ries  de  Bonrg  (marine,  ?')■  Elevation :  lacustrine  lime- 
stone of  I'Agenais,  level  1  (between  7'  and  8').  This  is  contempora- 
neous with  the  Oalcaire  de  Beance  of  the  Paris-basin.  In  the  basiu  of 
the  Gironde  fresh  oscillations  took  place,  namely,  the  following,  which 
are  Miocene:  Faluus  de  Bazas,  marine,  8';  elevation:  lacostrioe  lime- 
stoue  of  I'Agenais,  level  2  (between  8'  and  9'};  depreRsion:  FhIudb  de 
Li^ognan  et  Merignac,  marine  (!f')-  l^he  so-called  Mollasse  of  Anjou, 
which  is  wanting  in  the  basin  of  the  Gironde,  is^ according  to  Tour- 
nouer  (Ann.  bci.  6eol.  I.  c.  p.  62)  younger  than  9',  but  older  than  the 
Faluns  de  Salles  of  the  Gironde;  both  are  marine,  and  |>robably  indi- 
cate two  oscillations,  10'  11'.  Then  followed  another  Miocene  oscitla 
tioD,  which  has  left  its  traces  in  the  basiu  of  the  Loire,  in  the  marine 
Faluus  of  la  Dixmerie  (arc  12'). 

Thus  the  Miocene  period  in  France  bad  live  oscillations-  1  have  not 
however  been  able  to  obtain  detailed  profiles  of  all  these  series  of  de- 
posits. 

We  now  pass  to  England.  In  the  Memoirs  of  the  Geological  Survey 
of  Great  Britain,  1856,  we  have  accurate  profiles  of  tbe  Tertiary  forma- 
tions of  tbe  Isle  of  Wight  (by  Forbes  and  Bristow).  The  series  of 
beds,  from  below  upwards,  has  the  following  oscillations  and  alterna- 
tions* : — 

Plastic  Clay  (brackish  t),  four  alternations. 

Loudon  Clay,  marine,  at  least  eleven  alternations. 

Lower  Bagshot,  (in  partT)  fresh  water,  seven  alternations. 

Middle  Bagshut.  (Bracklesbam  and  Barton),  the  first  fresh  water, 
the  second  marine,  and  with  five  alternations. 

Upper  Bagsbot,  without  alternations. 


'  See  Postscript  to  thia  article,  pott,  p.  370, 
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Tbis  part  of  tbe  series  m  in  part  older  than  the  Calcaire  grossier,  and 
there  are  at  least  one,— probably  two  gaps  in  it.  The  following  series, 
on  tbe  contrary,  is  oontinuons : 

Lower  Headoo,  fresh  water  aod  brackish,  seven  to  eightalterDa- 
tions  (arc  13  and  tbe  first  part  of  14), 

Middle  Headon,  marine,  one  alternation,  at  14. 

Upper  Headon,  fieah  water  and  brackish,  five  alternations,  be- 
tween aics  14  and  15. 

Osborne,  freisli  water,  three  alternatioDB,  between  arcs  16  and  1'. 

Bembridge   liuiestone,  fresh  water,  three  alternations,  between 

■  arcs  1'  and  2'. 

Bembridge  oyister-bcd,  marine,  at  least  one  alternation,  at  2' 

Bembridge  marl,  fresh  water,  six  alternations,  arcs  2'  and  3'. 

Hempstead  marl,  fresh  water  and  bruckisb,  two  alternations,  4' 
or  6' I 

Hempstead  Oorbula-beds,  mariDe,  imperfect  above  by  dennda- 

tion,  one  alternation. 

The  profiles  of  the  different  stages  are  taken  at  different  parts  of  the 

isluid  which  have  lain  at  difl'erent  levels.    Bearing  tbis  in  mind,  tbe 

series  may  be  fitted  into  the  curve,  and  at  any  rate  correspond  with 

them  pretty  closely. 

Tbe  number  of  alternations  io  tbis  last  continuons  part  of  this  series 
uf  deposits  is  about  the  same  as  in  the  coutemporaneous  deposits  of  tbe 
Pari»-basin,  although  the  beds  are  more  than  three  times  as  thick  (48 
meters  in  the  Paris-basin,  1G6  meters  in  the  Isle  of  Wight). 

With  tbe  iDarioe  deposits  of  Hempstead  the  marine  formations  of 
Buglaod  are  iDtcrrui>t«],  and  it  is  only  in  the  Pliocene  that  we  have 
indicatioDB  of  a  new  marine  submergence.  Tbe  basalts  and  volcanic 
eruptions  of  Irelaud  and  tbe  Hebrides  are  probably,  at  any  rate  in 
part,  Miocene.  Basaltic  dikes  extend  in  places  across  tbe  whole  of 
Buglaud ;  bat  tbe  chief  outbreaks  were  on  tbe  western  side,  and  hence 
they  can  be  traced  through  the  Faroes  to  Iceland. 

We  will  DOW  see  whether  we  can  fill  up  the  curve  from  7',  where  tbe 
cmilinnons  profile  from  the  Paris-basin  closes,  up  to  recent  times.  The 
uppermost  be«l  of  the  Paris-basin  lies  upon  the  boundary  between  Uti- 
goeeue  and  Miocene.  As  we  have  already  seen,  tbe  Miocene  period  in 
France  had  five  oscillations.  In  Transylvania  (according  to  Koch,  in 
the  Fiildtani  Kozldny)  there  are  five  Miocene  stages,  namely:  Eoroder 
beds,  Rettosmezo  beds,  Hidnltuas  beds,  Mezoseger  beds,  and  Feleker 
beds.  All  these  stages  aie  marine.  Even  if  they  are  not  throughout 
separated  by  freah-water  formations,  as  in  tbe  case  of  several,  at  any 
iute,of  the  French  Faluns,  they  may  nevertheless  be  regarded  as  cor- 
responding to  five  oscillations.  In  the  deeper  seas  tbe  bottom  will  not 
always  be  opheaveil  above  tbe  sea  under  low  eccentricities;  but  the 
oscillations  will  nevertheless  operate  in  changing  the  faunai,  and  also 
frequently  the  constitution  of  the  deposits.  :,C_iOO<^lc 
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The  MioceDe  depositsof  the  Yieona  basin  are  divided  into  three  priu- 
cipal  stages, — the  first  and  second  Mediterraneai^  and  the  Sarmatiftn. 
Bat  if  we  study  the  detailed  profiles  more  cicely,  there  appear  to  have 
been  here  also  five  Miocene  oscillations.  Thus  (according  to  Saess,  8iU- 
unggb.  WimerAkad.^  1866)  the  first  Mediterranean  stage  shows  the  fbl- 
lowiog  seqoeoce  of  strata  from  below  upwards : 

Beds  at  Molt,  with  oyster-sbella  (broken),  at  the  top  with  lignite, 

four  alternations,  arc  8'. — Supposed  by  Sness  to  be  on  the  same 

horizon  with  the  Faluns  of  Bazas. 
Beds  near  Loibersdorf,  Ganderodorf,  and  Eggenburg,  marine, 

probably  with  eight  alternations,  at  any  rate  in  part  younger 

than  the  beds  at  Molt  (ares  8'  I  and  0'). 
"  Scblier"  with  gypsum,  at  the  top  with  land-plants. — Sness  calls 

it "  eiu  ersterbendes  Heer,"  and  seems  inclined  to  regard  it  as 

a  peculiar  stage.    Alteruatioos,  but  scarcely  more  than  twa 

The  last  part  of  arc  9'. 
Beds  at  Qrund,  marine,  with  few  (three  to  four]  alternations,  lo 

judge  from  Sneas'  profiles. — The  fauna  forms  a  transition  from 

the  first  to  the  second  Mediterranean  stage,  and  this  deposit  at 

Gruod  is  with  reason  regarded  by  several  Yiennese  geologists 

as  representing  a  distinct  stage.  Arc  KK, 
This  was  followed  by  the  greatest  submergence,  the  second  Mediter- 
ranean stage  (arc  11'),  contemporaneons  with  the  French  Faluns  de 
Salles:  The  sea  rose  Quite  up  into  the  inner  Alpine  Yienua  basin.  I 
have  been  unable  to  make  out  the  number  of  alternations  in  this  stage. 
I  have  only  seen  sections  of  the  littoral  formations  described. 

Finally,  the  last  Miocene  oscillation,  the  Sarmatian  stage,  are  l^. 
Ju  some  localities  («.  g.,  near  Coustantinople)  this  stage  commences  with 
fresh  water  covered  by  marine  formations  (see  Suess,  Antlilz  ier  Erie, 
I,  p.  419),  According  to  a  profile  from  Hungary  (by  Peters  iu  SUzun^. 
Wiener  Akad.,  1861)  the  stage  has  four  alternations. 

This  stage  is  followed  by  the  Pliocene  Congeria-beds,  vhioh  in  Uie 
Yienna  basin  are  represented  only  by  brackish-water  formations,  accord- 
ing  to  Fuchs  (Jakrb.  k.  k.  Qeol.  Reicks.,  1876)  with  four  alternations ;  arc 
13'.  And  with  these  the  marine  formations  of  the  Yieuua  basin,  Hun- 
gary, and  Transylvauiacome  to  a  close-  Yolcauic  ontbnrsts  oommenued 
iu  these  countries  even  in  the  Oligocene  period;  they  became  very 
frequent  in  the  Miocene,  and  during  this  period  the  Alps  rose  to  great 
altitudes. 

In  the  basin  of  Mayence  the  marine  Oligocene  formataons  (Weia- 
beimer  mariue  aaud  and  Septaria-clay)  are  followed  first  by  a  fresh-wster 
formation;  then  the  Miocene  period  commenced  with  a  depression. 
But  during  volcanic  eruptions  the  basin  was  upheaved  and  became 
more  and  more  fresh-water.  A  continuous  formation  of  beds  took  place. 
Over  the  Certthinm-limestone,  the  Corbicnla-limestone  and  Littorinella- 
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ctaj  were  deposited,  in  all  with  twenty  or  more  alternations  (according 
to  Lepsins,  Das  Mainzerbecken).    AH  these  deposits  are  Miocene. 

We  now  pass  further  forward  in  time.  The  Pliocene  has  four  oscillfr- 
tioDS,  13',  14',  15',  and  16'.  We  have  already  mentioned  the  Cong*ria- 
beds  of  the  Vienna  basin.  In  England  there  are  tbree  oscillatioue : 
Coralline  Crag  (14'),  Bed  Crag  (15'),  and  Cromer  Clay  or  We«tlet«u 
Shingle  (16').  Pro6lo8  of  these  are  to  be  found  in  Quart.  Journ.  Qeol. 
Soe.  L<md.,lS71  (by  I'restwich).  TheclimateofEnropebegan  tobecome 
colder  in  the  Pliocene.  Even  the  oldest  deposit  in  the  Pliocene  of  En- 
gland contains  stones  which  may  have  been  grooved  by  ice,  and  at  the 
close  of  the  Pliocene  there  were  already  great  glaciers ;  the  Pliocene  was 
followed  by  the  Glacial  epoch.  We  have  seen  how,  daring  strong  and 
extensive  volcanic  action,  previously  marine  basins  were  during  Oligo- 
ceoe,  and  especially  Miocene,  times  nplitted  above  the  sea  not  to  be 
depressed  afterwards  (Paris,  Vienna,  Hungary,  the  Mayence  basin,  and 
ve  may  add  Switzerland),  and  we  have  seeu  that  the  Alps  were  up- 
heaved in  Miocene  times.  The  Faroes  and  Iceland  were  bnilt  up,  at 
aaj  rate  in  great  part,  at  the  same  time  by  basalts  and  lavas;  perhaps, 
moreover,  the  submarine  bank  which  connects  Europe  with  Greenland 
was  uplifted  during  the  last  portion  of  the  Miocene  period.  In  the  Medi- 
terranean, according  to  Neumayr (see  Suess,  Antlitzder  Erde,  l.  p.,  425) 
the  coast-lines  at  the  close'  of  the  Pliocene  lay  even  lower  than  at  the 
present  day.  Xo  doubt  all  these  elevations  have  had  much  influence 
upon  climate.  Changes  in  the  length  of  the  day  are  dependent  upon 
variations  of  the  eccentricity.  Geographical  changes  follow  npoo  the 
increase  of  the  day,  and  climate  changes  with  the  distribution  of  land 
SDd  sea. 

The  Coralline  Crag  in  England  (according  to  Prestwich)  has  a  thick- 
ness of  only  25  meters,  and  can  not  have  many  alternations.  After  this 
stage  was  formed  the  iHud  rose,  but  was  again  partially  depressed  under 
the  sea.  Daring  this  depression  was  formed  the  Bed  Crag,  with  the 
Chillesford  Clay.  In  the  Coralline  Crag  two  shore-lines  were  hollowed 
ont  one  over  the  other  and  the  new  stage  lies  now  on  the  old  shore  plat- 
forms. The  Red  Crag  is  thinner  than  the  Coralliae  Crag  and  can  not 
include  many  alternations. 

Id  Belgium,  also,  we  have  two  Pliocene  stages,  which  correspond  to  the 
two  English  Crag-stages :  the  Scaldisien,  Stages  stip4rieur  et  infSrienr. 
To  these  two  oscillations  of  the  North  3ea  correspond  two  contempo- 
raneous  ones  of  the  Mediterranean.  Suess  calls  them  the  third  and 
fourth  Mediterranean  stages.  Aud  even  in  the  earliest  part  of  the  Pli- 
ocene the  Mediterranean  fauna  indicates  a  somewhat  colder  climate 
(Sneas,  t.  c.  i.  p.  431). 

Italy  possesses  thick  Pliocene  formations.  Scgiienza  describes  de- 
posits 500  to  600  meters  ill  thickness  from  this  period.  I  have  been 
Dnable to  obtain  profiles  of  theau  deposits.  They  are  in  part  conglom- 
erates aod  shore  formations,  like  the  great  Miocene  Molla^e  of  S^vUz- 
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erland,  and  oear  the  sbore  thiek  deposits  can  be  formed  in  ii  sliiirt 
time. 

Tbe  profiles  of  Roussilloo  (by  Dep^ret,  in  Ann.  8ci.  Qiol.  fo\.  xril. 
1885)  show  four  alternations  in  the  stage  conteoiporaoeons  with  tho 
Coralline  Crag  (arc  14')-  'I'be  overlyiiig  stage  in  RouBsillon  is  a  fre^- 
water  formation.  Tbe  land  bad  risen.  Tbe  fresh-water  stage  has  sev- 
eral alternations,  probably  six  to  eight,  so  far  as  I  can  see  fWim  the 
profiles  given,  wbicb,  however,  are  not  qnite  accurately  described  (arcs 
15',  16'). 

We'  now  turn  again  to  England.  The  fossils  of  the  Bed  Crag  shov 
a  colder  climate  than  that  of  tbe  Coralline  Crag,  and  tbe  Chillesf(Hd 
beds,  which  belong  to  tbe  last  portion  of  tbe  Red  Crag,  have  distinctly 
arctic  shells.  Tbe  Glacial  epoch  was  advancing.  After  the  Red  Cng 
was  formed,  England  again  rose  and  became  united  by  land  with  tbe 
continent.  Extinct  mammals  wandered  in  its  forests,  wbicb  consisted 
of  existing  trees  (spruce,  pines,  etc.)  and  sbow  a  temperate  cHmaie, 
milder  than  that  of  the  Ohillesford  beds,  and  about  as  at  present.  '*  The 
forest  bed  of  Cromer "  was  overlain  by  marine  deposits — Westleton 
Shingle  and  Cromer  Clay  (arc  16'}.  In  tbe  latest  terrestrial  fonnation 
at  Cromer  Natborst  has  fonnd  Arctic  plants  [Salix  polarit,  etc.),  and 
the  Cromer  Clay  indicates  the  vicinity  of  inland  ice.  With  tbis  the 
Pliocene  closes. 

As  regards  the  Qnatemary  oscillations,  we  will  take  the  English  de- 
posits as  described  by  J.  Oeikie  ("  Great  Ice  Age,"  ed.  2,  pp.  387  et  »eq.) 
as  oar  guide. 

Tbe  Qnateruary  period  commences  with  the  retrogression  of  tbe  ice  and 
with  a  considerable  denndation.  Then  the  sea  again  rose  and  covered 
a  great  part  of  the  east  of  England.  The  inland  ice  again  extended 
itself  and  formed  a  bottom-moraine,  "  tbe  great  chalky  bowlder-clay" 
(arc  1").  After  this  glacial  period  an  elevation  of  tbe  laud  seems  to 
have  followed,  and  tbe  ice  retreated.  But  a  new  depression  followed 
(Bridlington  Crag)  and  a  new  glacial  period  (pnrple  bowlder- clay,  arc 
2").  A  fresh  elevation  seems  to  have  followed,  with  a  new  interglacial 
period.  Then  came  a  new  depression,  which  was  very  considerable, 
and  which  at  Moel  Tryfaen  in  Wales,  at  Macclesfield,  and  in  Ireland 
has  left  marine  shells  at  heights  of  1,000  to  1,300  feet  above  the  sea 
(nearly  approaching  that  at  wbicb  tbe  old  "seter'or  beach-lines  in 
Osterdalen,  Leecge,  etc.  occur).  Like  the  preceding  depression,  tbis  was 
also  followed  by  a  glacial  period,  tbe  last  (Hessle bowlder-clay,  arcS"). 
Finally  tbe  land  rose  and  tbe  ice  mehed.  The  Postglacial  period  came 
with  its  four  peat-beds  (tbe  last  portion  of  3"  and  4").  To  arc  4"  vot- 
responds  a  small  oscillation  of  the  sea  immediately  before  the  recent 
period.  In  9cauia,  Garavallen,  a  raised  beach-fbrmation,  rests  upon 
peat ;  in  Gotland,  in  tbe  British  Islands  (Carse  Clay,  etc.),  and  eveu  io 
North  America,  we  may  trace  the  same  oscillation  of  tbe  sea ;  it  was  do 
doubt  too  great  to  be  capable  of  explanation  by  local  conditions,  com- 
pression of  peat-beds  by  shifting  aaod-dunea,  etc.     ,  ,Coo<jle 
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We  have  already  seen  tbattbelaDd(accordingtoHovortbandSae88) 
JD  many  places  noder  bigli  latitudes  rose  coDsiderably  in  tbe  Postglacial 
period,  and  that  a  corresponding  depression  took  place  in  the  warm  coral- 
seas.  The  laflt  oscillations  therefore  affected  a  great  part  of  the  earth. 
From  this  we  may  conclnde  that  this  was  the  case  also  with  the  oscilla- 
tiouB  of  former  times,  and  that  they  have  their  cause  in  general  cosmi- 
cal  conditions.  The  small  oscillation  (arc  4")  forms  an  interruption  Id 
tbis  great  upheaval  under  high  latitudeB.  A  similar  interrnption  of  the 
depression,  if  oar  theory  be  correct,  must  b&  exhibited  under  the  trop. 
ic8 ;  and  in  reality  in  tbe  equatorial  parts  both  of  America  and  the  Old 
World,  there  are  nnmeroas  evidences  of  such  a  small  post-glacial  oscil- 
lation in  coral-reefs,  which  have  been  upraised  several  meters  and  are 
now  lyipg  dry  (see  Suess,  Antlitz  der  Erde,  il.  [>p.  610  et  seq).  These 
eoral-reefs  may  date  from  the  same  time  when  tlie  northern  peat-beds 
vere  submerged.  The  sunken  peat-bede  with  tbe  marine  deposits 
formed  daring  tbe  depression  have  iKen  again  uplifted,  nnd  the  raised 
coral-banks  have  probably  again  begun  to  sink  (at  Bombay  there  is  a 
Bonken  forest),  but  the  depression  has  not  yet  brought  them  down  be- 
Deaib  the  sea. 

We  may  make  one  or  two  further  observations  upon  the  Glacial 
period  and  its  formations.  Contemporaneous  with  "tbe  forest-bed  of 
Cromer"  (according  to  Heer)  arethetignitesof  Diirnten  in  Switzerland. 
The  fossils  show  this.  Tbey  have  nearly  tbe  same  plant-remains,  and 
the  same  extinct  animals.  The  lignites  rest  upon  and  are  covered  by 
bottom-moraines,  and  are  therefore  "inter  glacial."  They  have  seven 
altemations  of  peat  and  forest-beds,  and  may  be  fitted  into  the  curve 
between  the  arcs  15'  and  1".  From  tliis  the  Alps  must  have  had  large 
flaciers  even  during  tbe  time  of  the  Bed  Crag.  And  there  is  no  im- 
probability in  this  if  we  remember  that  Leda  arctica  and  other  Arctic 
animals  were  already  living  on  tbe  English  coastattbisperiod,  and  that 
tbeChillesfonl  beds  indicate  a  much  colder  climate  than  the  snbseqnent 
forest-bed  of  Cromer. 

It  is  instructive  to  see  how  each  rising  of  tbe  sea  in  England  during 
tbe  Quaternary  jieriod  had  as  its  consequence  the  increase  of  the  iuland 
ice.  This  seems  to  agree  with  Croll's  theory,  that  glacitil  porimla  are  a 
consequence  of  great  eccentricities.  But  the  scanty  traces  of  glacial 
periods  tu  the  older  formations,  and  aboveall  thedistributioii  of  glaciers 
at  tbe  present  day,  show  that  geographical  conditions  have  the  greatest 
influence.  It  is  only  when  these  are  favorable  that  a  high  eccentricity 
can  canse  tbe  glaciers  to  increase;  if  tbey  are  very  favorable,  there 
may  be  a  glacial  period  even  during  a  small  eccentricity,  as  in  Green- 
land at  the  present  day.  When  the  eccentricity  increases,  tbe  precipi- 
tation during  rainy  periods  also  increases.  If  the  sea  is  cold,  tbe  pre- 
cijHtation  will  fall  as  snow,  and  in  tbis  way  the  glaciers  will  grow  as 
tbe  eccentricity  increases. 

North  Germany  (according  to  Jentzsch)  has  also  had  three  glacial 

D„:,i^rii>,CoO<^le 


362     ON  THE  MOVEMENTS  OP  THE  EARTH*S  CKUST. 

periods  with  corresponding  bottom-moraines  (ami  oscillatious  1) ;  aod 
in  the  Alps  there  have  beeo  {according  to  Penck,  YergleUcii.  d.  deuttck. 
Alpen)  at  least  three  glacial  jieriods. 

We  have  thue  filled  ap  tbe  curve  to  the  present  time,  and  coDoected 
the  profile  of  the  Paris  basin  therewith.  We  wHl  now^race  the  oscilla- 
tious back  to  tbe  close  of  tbe  Oretaceons  period  in  order,  if  possible,  to 
see  how  many  oscillations  are  Included  in  the  Geological  period  known 
as  tbe  Tertiary. 

The  Cretaceous  period  is  separated  from  tbe  Tertiary  by  a  period  of 
denudation,  during  which  the  land  was  high  relatively  to  the  aea.  Tlie 
oldest  marine  formation  of  the  Tertiar>'  period  in  Europe  is  considered 
to  be  tbe  limestone  of  Mons,iu  Belgium.  This  indicates  the  first  oscilla- 
tion ;  but  this  submergence  appears  not  to  have  left  traces  in  fhe other 
Tertiary  basins.  The  first  marine  inundation  of  the  Paris-basin  during 
Tertiary  times  formed  the  conglomerate  of  Rilly  and  Nemours.  It  waa 
followed  by  an  elevation  of  the  laud,  aud  the  marine  conglomerate  was 
covered  by  tbe  fresh-water  limestone  of  Billy.  This  oscillation  in  the 
Paris-basin  is  perhaps  represented  in  Belgium  by  the  so-called  *■  sys- 
t^me  Heersien,"  which  is  at  the  bottom  a  purely  marine  formation,  hot 
has  remains  of  land-plants  at  the  top.  Then  oime  a  new  oscillation, 
and  now  England  also  was  partially  submerged.  Here  was  deposited 
the  marine  Thauet  Sand,  and  upon  this  the  Woolwich  and  Beading 
Series  ( =Pla8tic  Clay),  the  latter  partly  a  brackish  and  fresh-water  for- 
mation, aud  which  shows  that  the  shore-line  bad  again  retreated.  In 
Belgium  the  "  syst^me  Landenieu  "  was  formed  during  this  oscillation, — 
below  purely  marine,  above  brackish.  In  tbe  Paris  basin  there  was 
formed  the  marine  sand  of  Bracheux,  which  was  followed  by  a  fresh- 
water formation  with  lignite  (the  Lignites  de  Soissonnais).  Then  fol- 
lowed a  new  depression,  and  again  an  upheaval.  This  has  left  no 
traces  in  the  Paris-basiu  ;  but  in  England  the  London  Clay  was  formed, 
aud  in  Belgium  the  "  syet^me  Ypr^sien."  The  London  Clay  commeooee 
with  a  shore  formation  of  shingle  or  gravel  (Oldhaven  Beds),  and  the 
upper  part  of  the  stage  shows  that  the  sea  again  became  shallower,  in 
consequence  of  a  new  elevation  of  the  land.*  Tbe  '■syst^me  Ypr^ien^ 
in  Belgium  is  divided  into  two  sub-stages, — the  old'er,  a  clay  with 
Foraminifera, — the  younger  sandy,  with  namerons  fossils,  aud  therefore 
probably  indicating  a  shallower  sea.  A  new  submergence  formed,  in 
Belgium,  the  mariue  "syst^me  Pa]iis<^lion"(sand),  and  in  tbe  Paris- 
basin  the  marine  sand  of  Cuise.  With  this  the  Lower  Eocene  closes. 
It  has  therefore  in  all  probability,  six  oscillatious. 

The  Middle  Eocene  is  represented  in  France  chiefly  by  the  "  Calcaire 
grossier."  In  thi»  stnge  there  are  five  to  six  sub-stage'),  and  in  Bev- 
eral  places  breaks  in  the  series  of  deposits.  Tbe  Middle  Eocene  is,  on 
tbewhole,  marine, but  with  intercalated  fresh-water  beds,  and  it  prohably 

'  This  atage,  ah  waa  efaowii  above,  contains  at  leaat  II  altematloii*,  and  tberefore 
probably  corruspoQ lis  wilL  at  least  two  area  of  tlie  curve.       CiOO^jlc 
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also  repreaenta  aiz  oscillationa.  InTransylvaDiaitcommencea(accord- 
iDg  to  Koch  ill  F^ldtani  Eiizlony,  1883,  itp.  118  etseq.)  witli  alternatiobs 
of  clay  aod  marl,  upon  whiuL  Toltow  altcruations  of  gypsum  and  marl 
("  lower  gypaam  liorizon,"  first  oacillatioii).  Alwve  it,  marine  deposits, 
the  ferforata-hedt — from  below  upwards — (a)  an  oyster-bed,  (,S)  argilla- 
Gvoos  marl  (^)  oalcareoas  marl  ("  lower  striata  Lorizon"),  (J)  a  abell-bed 
(■' lower  i^rforiita-horizon"),  (e)  clay  ("apper  striata  hurizoii,"  second 
uscillation  t),  (:)  clay  with  a  few  hard  marly  beds  and  tlie  same  fossils 
as  in  ^,  {t})  another  oyster-bed,  {0)  day  with  oysters,  (i)  calcareous  marl 
("upper  perforata  horizon,"  third  osvillation  I );  above  this  the  Ostrea- 
day,  a  thick  clay  with  oysters  audmariy  beds,  nnd  with  a  sandy  calca- 
reons  betl  in  the  middle  (fonrth  oscillation).  Over  this  again  the  Zotrer 
Ooorse  limestone^  generally  iu  two  thick  beds  (fifth  oscillation),  covered 
by  athickbedof  clay  varied  with  layersof  sand,  probably  a  fresh-water 
formation,  and  covered  by  fresh-water  limestone.  Finally,  the  last 
(sixth)  oscillation,  the  Upper  Gypiium  horizon,  gypsum  alternating  with 
clay ;  and  above  it  coarse  limestone  alternating  with  gypsum  ;  in  other' 
tilaces,  clay  with  Foraminifera  (marine), — the  Upper  Coarse  limestone.  I 
have  cited  all  of  these  details  in  order  to  show  that  these  beds,  which 
are  all  contemparaneoaa  with  the  "  Calcaire  gxossier"  of  Paris,  seem  to 
iudicate  six  oscillationa. 

Above  the  "Calcaire  grossier"  the  Upper  Eocene  commences  with 
the  contlnnotts  series  of  the  Paris  baeio,  which  has  already  been  de- 
scribed. 

The  Lower  and  Middle  Eocene  therefore  appear  to  include  twelve 
oscillations,  six  of  which  pertain  to  each  of  the  two  divisions  of  the 
formation.  By  this  the  first  cycle  of  (he  curve  is  filled  up,  so  that  the 
beginning  of  the  cycle  will  about  fall  upon  the  boundary  between  Creta- 
ceous and  Eocene.  In  the  Paris  basin  the  Middle  Eocene  has  tweuty-flve 
alternations  of  strata  and  perhaps  one  or  two  breaks.  Six  oscillations 
about  correspond  to  twenty-five  or  thirty  precessional  periods. 

At  the  commencement  of  the  cycles  the  mean  value  of  the  eccentric 
ity  is  low;  it  rises  in  the  middle  of  the  cycle  and  sinks  again  towards 
the  Gonclusiou.  The  position  of  the  shore-lines  must  also  depend  upon 
the  mean  value  of  the  eccentricity.  But  as  it  increases  very  slowly 
through  very  long  periods,  it  will  be  very  long  before  its  action  is  to  be 
seen  on  the  solid  earth.  The  middle  of  the  cycles  ought  thus  to  corre- 
spoDdtotheoverflowaof  the  sea,  the  beginning  and  close  to  the  i)eriods 
of  denudation  which  separate  the  formations.  Breaks  in  the  series  of 
beds  may  therefore  be  expected  under  high  latitudes,  especially  at  the 
limits  between  the  cycles. 

The  boundary  between  Cretaceous  and  Eocene  is  indicated  by  what 
&K^(Antlitz  derHrde,!!,  Iter  Abschn.,p.  376)  calls  a  negative  phase; 
the  Boa  had  retreatetl  in  higher  latitudes.  During  the  Eocene  it  rose 
again,  and  the  Eoceue  sea  had  a  great  extension ;  we  find  its  formations 
even  in  the  heart  of  Upper  Asia.    The  limit  between  the  Eocene  and 
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01igoc«ne  ia  Again  distiDgaisbed  by  a  negative  pbase.  In  tbe  latter 
part  of  the  Oligocene  period,  and  still  more  during  tbe  Mic»ceDe,  tbe 
sea  again  rose ;  between  tlie  Mioceiie  and  Pliocene  it  retreated  far,  and 
at  the  beginning  of  the  Quaternary  epoch  it  rose  again.  Similar  great 
oscillations  are  also  to  be  traced  in  North  America  and  in  Patagooia. 
Bat  marine  Miocenedepositsarevautingin  tlle1as^mentioDed  locality, 
where  tbe  Miocene  fresh-water  beds  are  aasociated  with  great  quantities 
of  volcanic  products. 

At  the  commenoement  of  the  Tertiary  period,  when  tbe  sea  had  re- 
treated far  under  high  latitudes,  the  climate  of  Europe  was  temperate 
rather  than  tropical  (see  SajKtrta,  Le  Monde  des  Plantea  avant  Vappari- 
tion  d^  Phomme,  1870).  According  as  tbe  sea  rose  and  the  Eocene  over- 
flow advanced  tbe  climate  became  warmer,  and  at  the  dose  of  the 
Eocene  period  tbe  climate  of  Southern  Europe  was  hot  and  dry.  Tbe 
abundant  Tertiary  flora  of  the  Arctic  lands  is  (according  to  Saporta 
and  Gardner)  rather  Eocene  than  Miocene  (as  Heer  supposed).  Atibe 
'  boundary  between  Eocene  and  Oligocene  the  sea  retreated,  and  the 
Arctic  Tertiary  flora  began  to  migrate  into  Europe,  supplanting  the 
more  southern  plants.  Then  came  the  Miocene  overflow,  and  with  it  a 
rich  tropical  or  sub- tropical  flora.  But  in  proportion  as  the  Miocene  sea 
retreated,  the  European  flora  also,  little  by  little,  lost  in  richness  aad 
beauty  and  the  tropical  elements  became  more  and  more  rare.  During 
the  Pliocene  epoch  tbe  sea  retreated  still  farther,  and  the  ohmate  be- 
came colder  and  colder  until  the  Glacial  period  came  iu.  But  tbe  last 
Quaternary  overflow  has  again,  after  several  oscillations,  caused  the 
ice  to  retreat,  and  our  climate  has  again  become  temperate.  There  is 
thus  clearly  a  relation  of  dependency  between  the  climate  and  geo- 
graphical conditions.  Great  seas  under  high  latitudes  produce  warm 
climates,  and  viae  versa. 

Now  we  have  seen  that  these  great  geographical  changes  were  in  all 
probability  a  consequence  of  the  rising  and  siukingof  tbe  mean  value  of 
tbe  eccentricity,  and  we  must  therefore  believe  that  these  great  changes 
of  tbe  climate  bad  a  cosmical  origin,  and  occurred  at  the  same  time 
over  the  whole  earth.  We  still  know  too  little  of  tbe  geology  of  tropical 
countries ;  but  there  is  ground  for  tbe  belief  that  here  also  great  changes 
have  taken  place  in  the  distribution  of  land  and  sea,  and  that  tb^ae 
changes  must  also  have  had  an  influence  upon  the  climate  of  the  warm 
countries. 

It  is  fnrther  probable  that  the  force  of  vnlcanicity  stands  in  telatioD 
to  the  changes  in  the  eccentricity.  Each  of  tbe  great  geological  forinn- 
tions,  from  tbe  Pre-Cambri  an  itself,  has  had  its  volcanoes  (see  A.  Geikte, 
•"  Textbook,"  pp.  259-260} ;  aud  we  have  already  seen  that  the  same 
author  states  that  thero  have  been  periods  in  the  earth's  history  when 
vnlcanicity  was  much  more  powerful  and  widely  distributed  than  at 
other  times.  We  have  seen  how  the  upheaval  of  the  land  was  accom- 
panied by  volcanic  outbursts ;  and  as  regards  the  Tertiary  period,  at 
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any  nte,  it  appears  Cfaat  the  great  overflows  of  tlie  sen  were  followed 
b.T  periods  during  which  the  solid  ground  began  to  rise  daring  violent 
and  wide  Bpread  volcaoio  ernptions. 

For  easy  reference  we  will  finally  ennmerate  all  the  arcs  in  tbe  carve, 
aod  name  the  geological  stages  enppoaed  to  coiprespond  to  them.  To 
someextent  we  adopt  tbe  names  given  by  Charles  Mayer  Eymar.* 

LOWEE  TEBTIAEY;  EOCENE— Ctcu  I.t 

Lower  Eocene.    Area  1  to  6. 

Prom  3,260,000  years  to  2,720,000  years  before  the  present  time. 
Arc  1.    Etage  Montient 

2.  Etage  Heersien. 

3.  Btage  SuessoDlen. 

4.  Etage  Ypr^aien  inf^rienrf  ).      ... 

B     TT..       V    t  •  e  •      •  J-Londinien. 

5.  Etage  Tpresien  sapeneurT  ^ 

6.  Btage  Panis^lien. 

Middle  Eocmu. 
From  2,720,000  to  2,150,000  years  before  tbe  present  time. 
Arcs  7-12.    Etage  Parisien,  with  six  oscillations. 

Upper  Eocene. 
From  2,150,000  to  1,810,000  years  before  the  present  time. 
Arcs  13-16.    Etage  Bartonien,  with  foar  oscillations. 

UPPEB  TEKTIAEY.-Ctci,b  II.l 
Oliffocene. 
PrDm.1,810,000  to  1,160,000  years  before  tbe  present  time. 
Arcs  r-4'.    Etage  Ligarieu,  with  four  oscillations. 
S'-?',    Etage  Tongrien,  with  Ave  oscillations. 

'Sw  kiB  Tftlnable  "  ClMsification  des  TeiraiQa  Tertiares  "  (Zarich,  1884).  He  dl- 
Tidtihia  itagea  into  two  eab-atsgw, — one  nith  "luera  am  pies,"  and  one  with  "  oiers 
kian."  Some  of  bis  Btagea  however  repreaeot  aeTeral  oscillatioos.  He  thinks  that 
Uw  preceMion  of  the  equinoxes  ie  the  caoee  of  tbe  cbanges  in  the  level  of  the  sea. 
Thcttholeof  the Tertiai^  and Qoaternsry  periods  mast  (according  to  him)  have  had 
idiiTatioDof  ODif  alittleoverSOOjOOOyearB.  He  founds  his  views  upon  Schmick's 
ontniKble  bypotbesiB  of  the  dependence  of  tbe  sea-level  upon  tbe  preoessions. 

t  Tbe  tipper  line  of  cuives  in  tbe  diagram. 

:  Tbe  middle  line  of  curves  in  ■  be  diagram. 
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From  1,160,000  to  700,000  years  before  the  present  time. 

Are  8'.     Etnge  Agnitanien  t 

9'.    Etage  Laogbien. 

.  IC.    Etage  Helv^tjeo. 

11'.    Etage  TortoDien. 

11'.    Etage  Messioien, 

Pliocene. 
From  700,000  to  350,000  years  before  the  present  time. 
Arc  13'.    Etage  Uat^nii. 
14'.    Etage  PlaisaDCien 
15'.    Etage  Astien. 
16'.     Etage  Aruusien. 

QUATERNARY.— Ctclb  HI." 
From  360,000  years  ago,  to  tbe  present  time. 

Arcs  l"-3".     Etage  Sabarien,  with  three  oscillatiODS. 

The  limits  between  tbe  cycles  of  tbe  carve  are  not  drawn  arbitrarily. 
The  beginning  and  the  close  of  tbe  first  two  cycles  are  drstingnisbed  by 
their  nnnsually  low  eccentricity.,  Tbe  last  arc  in  one  cycle  and  the  first 
in  the  following  one  have  together  a  doration  of  about  150,000  years; 
and  in  all  this  time  tbe  eccentricity  was  very  low.  In  these  two  cycles, 
likewise,  the  highest  mean  eccentricity  occurs  in  the  middle  of  the 
cycle. 

The  Eocene  period  seems  to  have  had  sixteen  oscillations,  and  shonlil 
correspond  to  tbe  first  cycle;  tbe  Oligocene,  Miocene,  and  Pliocent; 
have  likewise  together  sixteen  oscillations,  and  correspond  to  tbe  strc- 
ond  cycle.  The  Lower  Eocene  corresponds  to  arcs  1  to  6,  the  Middtc 
Eocene  to  7  to  12,  and  tbe  Upper  Eo(;ene  to  13  to  16.  In  the  same  iray 
the  Oligocene  corresponds  to  arcs  l'-7',  the  Miocene  to  8'-12',  and  tbe 
Pliocene  to  13'-16'.  There  is  thus  a  certain  analog)'  between  the  older 
and  the  yonnger  Tertiary  periods.  We  have  here  sts  divisions' which 
nearly  correspond  to  each  other  in  the  following  manner: 

Lower  Eocene  to  tbe  OligocenR :  the  former  with  six,  tbe  latter 

with  seven  oscillations. 
Middle  Eocene  to  the  Miocene :  the  former  with  six,  the  latter 

with  five  oscillations. 

Upper  Eocene  to  the  Pliocene :  both  with  four  oscillations. 

The  great  overflows  of  the  sea  occur  in  the  middle  of  tbe  cycles,  in  tbe 

Middle  Eocene,  the  Upper  Oligocene,  ami  the  Miocene.    In  tbe  middM 

of  the  cycles  the  mean  value  of  the  eccentricity  was  greatest.     At  the 


■'I'lie  lower  liuu  of  curves  in  tlio  diagram. 

;i.,COO<^IC 


ON  THE  MOVEMENTS   OF  THE   EARTh'S  CBD8T.  367 

poDnneDcemeDt  aod  tbe  last  part  of  the  cycles,  when  the  mean  value  of 
the  eeceotrioitj'  was  small,  the  sea  retreated  far,  as  between  the  Crota- 
ceoQs  and  the  Eocene,  and  in  the  Upper  Eocene  and  Pliocene.  The  notion 
therefore  presents  itself  with  great  probability  that  there  is  a  connection 
between  the  cycles  in  the  curve  representing  the  eccentricity  of  tbo 
earth's  orbit  and  what  is  called  a  geological  epoch,  or  what  hasalso  been 
called  a  "cycle  "or  "circle  of  deposition."  The  two  Tertiary  cycles 
are  as  it  were  great  stages,  each  composed  ofsixteen  smaller  ones.  Jnst 
as  each  of  these  sixteen  represents  a  small  oscillation  of  the  sea,  so  does 
each  cycle  represent  a  great  oscillation ;  but  this  great  oscillation  has 
beeu  accomplished  by  means  of  the  sixteen  small  ones.  In  the  same 
vay  the  mean  valne  of  the  eccentricity  rises  and  falls  In  each  cycle  with 
sixteen  oscillations;  it  i^low  at  the  commencement  of  the  cycle,  attains 
itfl  greatest  value  in  the  middle  of  the  cycle,  and  falls  again  towards  the 
close.  These  agreements  between  the  cycles  of  the  curve  and  the  fnrma- 
(ioDB,  between  the  arcs  of  the  curve  and  the  stages,  and  between  the 
Damber  of  the  arcs'  precessions  and  the  alternations  of  the  strata  in  the 
stages  wherever  these  conid  be  checked,  appear  to  me  to  be  so  striking 
as  to  eiclude  the  notion  of  an  accidental  coincidence,  and  distinctly 
poiDt  to  a  cansal  relation. 

If  we  would  test  the  correctness  of  oar  hypotheses  by  means  of  the 
older  formations,  the  following  points  must  be  borne  in  mind;  After  in- 
vestigating the  laws  of  the  variations  of  eccentricity,  Geelmuyden  told 
loe  that  it  is  probable  that  a  cycle  of  about  1,500,000  years  must  appear 
in  the  carve,  but  that  without  more  extended  investigation  we  can  not 
conclude  that  this  will  continue  unchanged  for  unlimited  periods.  Even 
io  thecalculated  curve,  the  Cycle  iii  is  distinguished  from  the  other  two 
by  a  mncb  lower  eocentricity  in  the  arcs  4"~9". 

If  the  polar  compression  in  old  times  was  greater,  then  the  preces- 
siooal  period  was  also  shorter.  According  to  Geelmnyden  it  would  be 
very  nearly  proportional  to  the  square  of  the  time  of  rotation.  For  ex- 
ample, to  a  rotation  time  of  sixteen  hours  corresponds  a  (synodic)  pre- 
eessional  periotl  of  10,000  years,  conseqnently  only  half  the  pre&entperiod. 
Tbe  shorter  the  period  the  less  marked  (other  things  being  equal)  must 
the  climatic  period  be,  and  the  more  indistinct  the  alternation  of  the 
strata. 

Farther,  it  must  be  remembered  that  in  Paloeozoic  and  Mesozoic  times 
tlie  moon  was  probably  mncb  nearer.  In  that  case  the  lunar  tide  was 
ijinch  stronger,  and  stronger  is  proportion  to  the  solar  tide  than  at 
liresent.  The  day  was  shorter,  and  the  stronger  tidal  wave  acted  more 
frequently.  Tbe  shores  were  more  rapidly  destfoyeil.  Denositioo,  no 
•lonbt,  took  place  more  rapidly.  The  sidereal  day  increased  more 
qaickly  in  length  than  at  present.  All  these  circumstances  mnst  have 
bad  an  influence  upon  the  form  of  the  earth,  upon  the  distribution  of 
land  and  sea,  ni)on  the  displacement  of  shore-lines,  npon  the  olianges  of 
climate,  upon  the  ocean-currents,  npon  thedistribntion  of  chemical  and 
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meubanical  sedimeats  aud  the  alternations  of  strata,  so  that  vithout 
taking  tliese  and  perhaps  other  circomstaiices  into  coDSideratioD,  we 
can  not  prove  the  applicability  of  the  hypotheses  to  the  Palseozoic  and 
Mesozoic  series. 

Id  conclnsiou,  I  will  briefly  notice  the  chief  points  in  my  hypothesix. 

The  precession  of  the  equinoxes  and  the  periodical  change  !n  the  ecoeo- 
tricity  of  the  earth's  orbit,  are  reflected  in  the  series  of  strata  and  farnish 
the  key  U>  the  calculation  of  the  duratioo  of  geological  epochs. 

Precession  causes  winter  and  summer  Ui  be  alternately  longer  and 
shorter.  In  the  semi-period  when  the  winter  is  longer  than  thesammer, 
the  difi'erence  between  the  inland  aud  coast  climate  becomes  more 
marked.  The  atmospheric  current  becomes  stronger.  As  a  consequence 
of  this,  the  cnrrents  of  the  ocean  increase  in  strength,  and  this  again 
reacts  on  theclimate.  The  periodical  change  of  the  climate  caused  by 
precession  is  not  very  considerable,  but  still  great  enough  to  leare  its 
mark  in  the  alternations  of  strata,  and  in  the  formation  of  shore-lines, 
terraces,  series  of  moraines,  etc.  One  alternation  of  strata  corresponds 
to  each  precessional  period. 

The  eccentricity  of  the  earth's  orbit  is  periodically  variable.  Its  mean 
value  rises  and  falls  in  periods  of  about  1,500,000  years,  with  sixteen 
oscillations.  Such  a  rise  and  fall  I  call  a  cycle,  and  each  cycle,  in  the 
calculated  curve,  is  composed  of  sisteeu  arcs. 

The  tidal  wave,  which  is  the  most  important  agent  in  altering  the 
sidereal  day,  and  which  makes  it  longer,  rises  and  falls  to  acertain  ex- 
tent with  the  eccentricity.  It  so  predominates  over  the  other  forces 
which  alter  the  length  of  the  sidereal  day,  thattbeday  steadily  lengthens 
on  the  average  more  rapidly  in  the  middle  of  the  cycles  when  the  mean 
value  of  the  eccentricity  is  greatest,  and  more  slowly  at  the  boundaries 
between  them,  when  it  is  least,  and,  as  regards  the  individual  arcs, 
with  increasing  rapidity  during  rising,  and  decreasing  rapidity  during 
felling  eccentricity. 

The  interior  of  (he  earth  is  plastic  in  consequence  of  the  great  pres- 
sure. The  surface  or  '■  crust,"  opposes  the  greatest  resistance  to  change 
of  form.  But  as  the  sidereal  day  lengthens,  and  the  equatorial  parts  of 
the  earth  increase  in  weight,  a  constantly  increasing  strain  acts  oat- 
ward  toward  higher  latitudes,  aud  this  strain  increases  nntil  the  re- 
sistance is  overcome.  It  must  also  be  remembered  that  forces  which 
are  too  small  to  effect  any  sudden  alteratiou  in  a  solid  body,  may 
nevertheless  produce  a  change   of  form  wlten  they  act  for  a  long  time. 

Hence  the  lengtbeiiing  of  the  sidereal  day  does  not  act  only  upon  tbe 
sea,  but  also  upon  the  form  of  the  solid  earth.  The  earth  constantly 
approaches  more  and  more  to  the  spherical  form ;  but  the  solid  earth, 
in  its  movements,  lags  behind  the  sea,  which  accommodates  itself  at 
once  to  the  altered  time  of  rotation. 

As  tbtf  motive  power  of  these  luovements  of  Ibe  sea  and  the  solid 
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eartb  is  periodically  variable  in  acoordaDce  with  the  eoceutricity  of  the 
orbit,  these  movemeDts  alao  take  place  periodically  more  rapidly  and 
more  slowly.  Aud  aa  the  sea  always  adjusts  itself  to  the  forces  before 
tbe  Holid  earth,  it  is  probable  that  the  shore-lines  oscdlate  up  and  down 
oDce  for  each  rising  and  siaking  of  the  eccentricity  of  the  orbit.  This 
applies  both  to  the  individual  arcs  of  the  curve  and  to  the  cycles.  In 
BQch  a  cycle  "  tbe  mean  level  of  the  sea"  rises  and  falls  once  daring 
Bitteen  oscillations. 

According  to  Darwin  the  sidereal  day  has  become  several  hours 
longer.  It  is  therefore  probable  that  so  great  a  strain  must  have  ac- 
cnmalated  in  tbe  mass  of  the  eartb,  that  a  slight  increase  of  tbe  strain 
Tonld  suffice  to  effect  changes  of  form  at  the  weakest  points.  It  ia  also 
probable  that  these  partial  changes  in  tiie  solid  body  of  the  earth  must 
oeear  especially  during  great  eccentricities,  or  some  time  after  them, 
wtien  tbe  motive  power  increases  most  rapidly. 

The  change  in  tbe  tidal  wave  with  the  eccentricity  is  supposed  to  be 
aufflciently  great  to  explain  tbe  displacement  of  shore-lines.  A  vertical 
ilisplacemeut  of  the  shoreline  by  a  few  meters  is  sufficient  to  produce, 
in  tbe  deeper  basins,  an  alternation  of  many  meters  of  thick  marine  aud 
fresb-water  deposits.  And  as  regards  the  changes  of  the  solid  mass  of 
tbe  earth,  we  must  remember  that  the  series  of  strata  is  not  complete 
at  any  single  place.  In  other  words,  tbe  oscillations  were  not  general 
lo  auch  an  extent  as  to  render  them  contemporaneous  everywhere.  It 
is  only  by  partial  changes  of  form,  sometimes  here,  sometimes  there,  at 
tboee  points  which  were  weakest  at  each  period,  that  tbe  solid  eartb 
has  approached  the  spherical  form.  To  each  arc  of  the  curve  therefore 
Ibere  corresponds  only  a  partial — not  a  general — alteration  of  the  form 
of  tbe  solid  earth.  And  tbeoscillatiou  of  tbe  shorelines  corresponding 
to  the  arcs  therefore  can  not  be  demonstrated  everywhere,  but  only  in 
Ihe  basins  where  tbe  forces  at  tbe  time  exerted  their  action.  Hence  we 
urn  only  obtain  a  complete  profile  by  combining  the  beds  of  all  tbe 
Tertiary  basins.  Nor  were  tbe  changes  of  tbe  solid  eartb  everywhere 
eqaally  great,  but  they  were  greatest  at  the  most  yielding  parts  of  tiie 
sur&ce,  BO  that  very  considemblo  local  upheavals  may  be  cousequcnt 
QpoD  small  changes  in  tbe  length  of  the  sidereal  day.  This  applies  to 
tbe  iudividnal  oscillations ;  but  even  the  great  overflows  of  the  sea  (of 
"faich  one  foils  in  each  cycle)  need  not  be  due  to  any  very  great  rise  in 
tbe  level  of  tbe  sea,  for  great  plains  may  be  flooded  aud  drained  by  a 
comparatively  small  vertical  displacement  of  the  shore-line.  But  these 
great  changes  in  the  distribution  of  laud  and  sea  were  undoubtedly 
great  enough  to  cause  considerable  alterations  of  climate.  Great  seas 
JQ  high  latitudes  render  their  climate  mild,  and  vice  versa. 

If  now,  keeping  these  principles  in  view,  we  compare  tbe  curve  of  the 

eccentricity  with  the  geological  series  of  strata,  we  find  an  agreement 

vhich  indicates  that  the  hj'potheeeH  are  correct.    The  two  cycles  of  the 

calealated  curve  correspoud  to  two  geological  cycles.    Each  of  these 
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cycles  has  sixteen  arcs,  which  correspond  to  sixteen  smaller  oscillaticHU 
of  the  shore-liDes,  or  sixteen  geological  stages.  In  each  of  these  stagte 
there  are  as  uany  alternations  of  strata  as  there  are  precessioos  lu  the 
corresponding  arc.  And  the  "  mean  sea-level "  rises  with  the  meao  ec- 
oentricit;  iu  the  middle  of  the  cycles,  and  falls  at  the  boundary  between 
them,  and  hand  in  hand  with  the  mean  sea-level  the  temperataxe  lu  the 
higher  latitudes  also  rises  and  falls. 

The  theory  here  discussed  agrees  with  Lyell's  great  principle.  Slow 
changes  in  the  length  of  winter  and  snmmer  and  in  the  force  of  the 
tidal  wave  prodnoe  |>eriodical  changes  of  climate  and  displacements  of 
ebore-tines.  The  changes  take  place  so  slowly  that  the  effects  begin  to 
appear  distinctly  only  after  the  lapse  of  many  thousands  of  years. 
There  are  two  astronomical  periods  which  are  the  cause  of  the  great 
and  fundamental  changes  of  which  geology  bears  testimony  to  as  from 
long  past  days,  and  which  will  still  continue,  for  millions  of  yeare,  to 
effect  similar  changes  in  the  geography  of  onr  globe,  in  its  climate,  and 
its  animal  and  vegetable  life. 

POSTSCRIPT. 

With  reference  to  the  profile  of  the  Isle  of  Wight  above  cited  (ante, 
p.  366),  I  mnst  make  a  few  remarks.  Although  with  some  donbt,  I  bsve 
referred  the  Headon  beds  to  the  Upper  Eocene.  But  the  diflferenoe 
between  the  fannas  of  the  Orfes  de  Beanchamp  and  the  middle  Headon 
is  for  too  great  for  these  beds  to  be  synchronous. 

The  canse  of  the  error  is  that  I  reckoned  too  many  alternations  of  cli- 
mate in  the  Isle  of  Wight  beds.  In  these  flnvio-marine  deposits  there 
is  by  no  means  the  same  regularity  as  in  beds  which  are  form«d  in 
basins  with  less  sedimentation.  The  river  eroded  its  borders  and 
shifted  its  bed,  banks  were  formed  and  carried  away,  according  as  the 
direction  of  the  stream  varied  and  the  channel  changed.  Hence  lentic- 
ular intercalations  were  often  formed  iu  the  beds,  and  as  precipitous 
cliffs  of  the  Isle  of  Wight  break  down,  the  minor  details  of  the  proSIes 
change  in  appearance.  But  with  all  this  irregularity  there  are  certain 
beds  which  appear  far  more  constantly,  and  which  we  can  recognize  in 
the  different  profiles  ^ven  although  their  condition  is  somewhat  altered. 
By  the  aid  of  these  constant  beds  we  find  order  iu  the  variations,  and 
it  appears  that  the  great  features  of  the  profiles  are  maintained  unal- 
tered ;  and  it  is  these  great  features  that  we  must  follow  when  we  wish 
to  determine  the  number  of  climatic  alternations.  In  the  Paris  Basiu, 
where  sedimentation  was  much  less,  chemically  deposited  beds  play  ik 
much  more  prominent  part.  In  the  Isle  of  Wight  the  stages  are  of 
much  greater  thickness.  The  Oligocene  deposits  of  the  Iste  of  Wigbt 
are  156  meters  in  thickness,  and  more  than  three  times  as  thick  as  the 
contemporaneons  beds  ioHfae  Paris  Basiu,  which  hare  a  thickness  of 
only  48  meters. 

In  the  dry  periods  the  deposition  of  clay  and  mud  inu  m^ch  less,  ttie 
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valer  of  the  river  wns  purer,  aud  cliemiually  formed  beds  bad  time  to  be 
deposited.  loatead  of  clay  aud  marl, — limestoue,  Septaria  beds,  iron- 
stoae,  etc,  were  formed.  Ibese  beds  were  uiidoabtedly  formed  mnch 
more  alovly  tban  the  Bsod,  clay,  and  marl  deposits  which  alternate 
with  tbem.  They  are  analogous  to  the  forest  beds  io  i>eat-mosses. 
Forest  beds  ofteu  separate  peat  deposits  with  diiferent  species  of  plants. 
This  shows  that  the  forest  beds  indicate  long  dry  periods,  daring  which 
the  formiition  of  peat  ceased  and  the  flora  became  changed;*  when  I  he 
quantity  of  raiu  again  increased  aud  the  formation  of  peat  commenced 
anew,  the  forest  trees  which  grew  around  the  mosses  were  changed,  and 
the  forest  beds  thus  make  divisioRS  between  different  sob-stages  or  zones 
in  the  peat. 

Among  the  t)eds deposited  in  water  (whether  A'esh  or  salt-water  for- 
uiatioDs)  it  is  chiefly  the  above  mentioned  chemically  formed  beds  that 
are  tormed  iu  dry  periods.  And  just  as  in  the  peat  mosses  forest  beds 
ortcu  separate  peat  deposits  with  a  different  flora,  so  limestone  and 
Sp|)taria  lieds  also  frequently  intervene  between  clay,  marl,  and  sand 
deposits  with  a  more  or  less  different  fanna,  so  that  these  chemically 
produced  deposits  often  form  boundaries  between  geological  stages  and 
snb-stages.  This  is  the  case,  for  example,  in  the  Flu  vio-marine  series  of 
ibe  Isle  of  Wight,  the  main  features  of  which  we  shall  now  pass  on  to 
■lescribe  with  the  aid  of  Forbes's  detailed  and  classical  statements.  We 
sball  then  see  that  we  have  fewer  climatic  changes  than  I  previously 
ttapposed,  and  that  the  scries  of  beds  in  the  Isle  of  Wight  coincides  as 
atlmirably  with  the  ourve  of  eccentricities  as  the  Parisian  deposits, 
although  soDiewhat  later  on  iu  time  tban  was  hitherto  supposed ;  thus 
tbe  agreement  with  the  paloiODtological  resnlts  becomes  complete. 

We  begin  from  below,  with  the  Upper  Eocene  Barton  Clay.  Judging 
ftODi  the  fossils  this  is  synchronous  with  the  QrhB  de  Beauchamp  in 
tbe  Paris  Basin.  It  has  five  Septaria  t>eds,  and  corresponds  to  arc  H 
of  the  curve,  which  has  the  same  number  of  precessional  periods.  The 
Biirtou  Clay  is  covered  by  the  Seadon  Sands  (previously  referred  to  the 
Upper  Bagshot),  which  have  no  alternations,  and  which  were  probably 
formed  iu  a  comparativety  short  time. 

A  great  gap  now  follows  in  the  series  io  the  Isle  of  Wight.  In  the 
Paris  Basin  the  fresh  water  Oalcaire  de  St.  Onen  was  formed  at  this 
time.  Tills  is  only  G  to  7  meters  thick,  but  it  baa  ten  alternations,  which 
shoQid  represent  200,000  years  according  to  my  calculation.  It  might 
seem  that  this  was  a  long  time  for  the  formation  of  a  stage  of  so  little 
thickness;  but  while  this  stage  was  deposited  the  mnrine  fanna  was 
changed  io  such  an  extent  that  a  great  geological  boundary  has  been 
(Iravn  through  this  point,  tbe  boundary  between  the  Eocene  and  Oligo- 
ceoe.  The  first  marine  Oligocene  bed  in  the  Isle  of  Wight  (the  Marine 
Headon)  has  a  fauna  of  which  only  30  to  50  per  cent,  of  the  siiecies 

•See  "Tliwiri  "ni  ]ii<lvnii<l'tii)t<'ii  nf  NnrjreH  Flor*  nnder  vckBlpnile  regnfnlilu  og 
1*mTiiet,"  ia  f/yl  Mag.  M  {/alnrv.,  3M7«,  xxi,  (pp.  62,  63  of  separate  copies).  ;lc 
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occur  iu  the  Barton  BetU.  Tbe  G  to  7  motsrs  of  the  fresh-water  lime- 
stoue  ill  the  Paris  Bmiti  probably  reprcscDts  mora  than  half  tbe  time 
which  elapsed  between  the  furmatiou  of  the  Marine  Barton  and  Headoa. 

Then  the  sea  rose  again,  and  the  Uligoceue  period  commenced.  The 
oldest  Oligocene  stage  in  the  Isle  ot  Wight  is  tbe  Lower  Headon ;  it  is 
a  fresb  and  brackish  water  formation,  showing  one  osciltatioD  of  the 
shoreline.  I  have  given  it  seven  to  eight  alternations.  Tbe  stage  cod- 
tains  five  limestones,  separated  by  deposits  of  sand  nod  clay,  and  be- 
sides these,  two  horizons  with  feiraginons  concretions.  Beckoning 
these,  it  has  seven  periods.  Marine  fossils  [Cytherea,  MytUut)  some- 
times occur  in  the  middle  of  tbe  stage ;  fresb-water  and  brackish  forme 
above  and  below.  Tbe  Lower  Headon  thus  represents  one  oscillation 
of  the  shoreline  (or  a  little  more)  with  seven  climatic  changes. 

The  next  stage  or  oscillation  is  the  Middle  and  Upper  Headon.  These 
have  together  six  alternations  of  strata,  four  limestones,  and  two  beda 
with  iron  concretions  separated  by  clays  and  sands.  The  Middle 
Ueadon  is  brackish  at  tho  base,  but  soon  becomes  a  purely  marine  for- 
mation, with  an  abandaut  fossil  fauna.  The  Upper  Ueadon  contaius 
fresh  and  brackish  water  animals. 

Above  tbe  Headon  come  tbe  Otborue  Beds,  a  nearly  pure  fresh-water 
formation.  It  has  eight  to  ten  alternations:  Two  Septaria  beds,  two 
ironstone  bauds,  and  six  horizons  with  concretions  of  argillaceous  lime- 
stone, separated  by  clay  and  marl.  Ten  alternations  represent  two 
oscillations  and  two  arcs  of  the  curve. 

Over  the  Osborne  comes  the  Bembridge  Stage.  The  Bembridge  beds 
consist  of: — first,  a  frcsh-wuter  liincstoiie,  which  has  three  well-marked 
nlternations  of  cocupact  limestouo  with  clay  and  marl;  these  three 
alleriiations  recur  iu  prollles  from  tbe  most  different  localities;  over 
this  the  marine  Bembridge  Oysler-bed,  and  immcdiittely  above  this  ;i 
Sejitaria  bed,  of  which  Forbes  says  that  it  is  "  very  remarkable  and 
constant."  Above  this  come  tlie  Lower  Bembridge  MarU  with  brucliisb 
and  fresh  water  animals,  but  without  alternations;  upon  this  a  Septaria 
iK'd,  "sometimes  siliceous,  sometimes  calcareous,"  which  forms  the 
boundary  between  tbe  twq  aubstages,  the  Lower  and  Upper  Bembridge 
Marls.  Ill  these  Upper  Marls,  which  likewise  contain  brackish  and 
freshwater  shells  and  even  lignites,  I  have  assumed  four  climatic  alter- 
nations :  There  are  two  pyritous  bands  ami  a  marly  bed,  and  at  tbe  top, 
at  the  limit  of  the  overlying  Hainstead  *  stage,  a  bed  with  ferruginous 
concretions  capped  with  marl.  But  the  two  |iyritons  bands  and  the 
first  of  the  above- men tionetl  mails  constitute  no  paheontological  bound- 
ary, and  are  far  from  being  so  proiiitnent  as  the  Suptiuia  bed.  I  there- 
fore regard  it  as  the  most  probable  assumption  that  the  whole  of  the 
Bembridge  Marls  indicate  only  three  alternations  of  climate,  and  thus 
for  the  whole  stage  we  have  six  climatic  periods. 

Finally,  we  como  to  the  Bamstcad*  Beds.    These  at  the  lowest  part 

■  The  name  is  alao  ofun  writteo  "  HempBtoMl,"  bnt  thlB  it  lnoo|T««t, 
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consist  of  brackish  and  fresh  water  maris,  in  which,  beaides  a  pyritif- 
eroDs  horizon  of  little  importance,  and  which  forms  no  palseoDtoIogical 
iiorison,  we  flud  indications  of  two  dry  periods.  One  of  these,  the  so- 
called  "White  6and,"a  more  or  less  hardened  ferrngiuoiis  bed  rich  la 
fossils,  forms  the  boundary  between  the  two  substages,  the  lower  and 
Middle  Hamsteod  Marls;  and  higher  up  there  is  a  bed  of  ironstone 
concretions,  which  nearly  coiocidea  with  the  limit  between  the  sub- 
stages  of  the  Middle  and  Upper  Hamstead  Marls.  The  uppermost  part 
of  tbe  Hamstead  stage  is  formed  by  the  marioe  Corbnla  bed,  in  which 
there  is  a  bed  with  Septaria.  Tbe  stage  therefore  represents  one  oscil- 
lation with  three  climatic  alternations;  bnt  it  is  not  completely  pre- 
served^ the  top  having  been  remored  by  denudation. 

If  we  now  sum  up  tbe  above  statements,  we  obtain  tbe  following 
Dumbers  of  oscillations  of  shore-lines  and  climatic  alternations  : 

Barton,  one  oscillation,  with  five  climatic  alteroatio'is. 

Headon  Hill  Sand,  without  alternations. 

Break  in  tbe  series. 

Lower  Headou,  one  oscillation  (or  a  little  more),  seven  alterna- 
tions. 

Middle  and  Upper  Headon,  one  oscillation,  with  sis  alternations. 

Osborne,  with  eight  to  t«n  altarnations,  corresponding  to  two 
oscillations. 

Bembridge,  one  oscillation,  with  six  alternations. 

Hamstead,  one  (incomplete)  oscillation,  with  three  alternations. 
Besides  the-Eocene  Barton  there  are  three  well-marked  marine  Oli- 
gocene  horizons  in  this  series;  The  Middle  Headon,  Bembridge 
Oyster-bed,  and  Hamstead  L'orbnla  beds.  The  Middle  Headon  is  re- 
garded by  paleontologists  as  synchronons  with  the  marine  gypsum  iu 
the  Parish  basin.  I  have  fitted  the  Paris  beds,  so  that  tbe  marine 
gypsum  coincides  with  the  arc  3',  and  the  Fontainebleau  Sands  with 
tbe  arc  V.  If  we  now  arrange  the  equivalent  beds  in  the  Isle  of  Wight 
in  the  same  arcs,  we  see  that  the  Isle  of  Wight  profile  fits  perfectly 
into  the  carve  of  eccentricity,  as  follows : 

Lower  Headon  to  the  arc  2'  and  perhaps  the  last  part  of  1',  with 
seven  alterations  and  seven  precessions. 

Middle  and  Upper  Headon,  with  five  alterations,  to  the  arc  3', 
with  five  precessions. 

Osborne,  with  ten  alterations,  to  tbe  arcs  i'  and  5',  with  ten  pre- 


Bembridge,  with  six  oscillations,  to  tbe  arc  R',  with  five  or  .six 

precessions. 
Hamstead,  with  three  alterations,  to  tbe  first  pnrtof  arc  7',  with 
three  precessions. 
It  thns  appears  that  the  threemarinehorizonscoincide  with  the  three 
bigLest  eccentricities,  the  summits  of  the  arcs  3',  C,  and  7',  while  the 
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lowerarcsaud  parts  of  arcs  correspond  to  bravkisli  aitdfresb-wiitFrhril^ 
The  most  uDuixed  IVesh-water  formatron,  tbe  (Jaboroe,  coiDcides  villi 
tbe  two  lowest  arcs,  4'  and  5'. 

For  the  sake  of  comparison,  we  will  again  carefully  go  throngb  tbe 
profile  of  tbe  Paris  Basin,  and  compare  this  witb  Stockwell's  cnrve, 
commencing  from  the  bottom.  Tbe  bedsare  numbered  in  the  samevav 
as  ill  the  original  description  of  DoUfnB  and  Yasseur  {Bull.  8oc.  OM. 
Fr.,  1878,  B&t.  3,  torn.  VI,  pp.  243,  et  Beq,). 

8able»  de  Beauchamp  et  Morte/ontainet  etc.,  beds  89  to  111.  Arc  14 
and  first  half  of  16.  In  this  series  we  have,  first  five  marine  sandstones 
alternatiug  with  sand ;  then  a  limestone  and  a  calcareons  marl,  with  in- 
tercalated sand  and  marl.    Thus  in  all  six  or  seven  alterations. 

Calraire  de  8t.  Ouen,  beds  112  to  142.  A  fresh-water  formation  wbicli 
is  divided  by  a  marine  deposit  (128)  into  two  snbdivisioDS.  In  tlie 
lower  part  (from  thesnmmit  of  arc  15  to  tbesnmmitof  arc  Iti)  there  are 
four  horizons  of  bard  limestone  and  siliceous  limestone  with  intercal- 
ated marls.  Then  comes  tbe  marine  bed  (at  tbe  summit  of  16).  It 
must  be  remarked  that  tbe  corresponding  arc  in  Leverrier's  carve 
reaches  higher  up.  In  tbe  upper  division  of  fresh-water  limestones  ve 
bave  six  alterations  of  hard  liraeatone  and  siliceous  limestone  with  marl 
and  clay.  This  division  therefore  finishes  a  little  to  the  left  of  the  sum- 
mit of  arc  2'. 

Sablas  de  Jtf»n«eaux,  beds  143  to  145.  Marine  sand  witb  three  Septaria 
layers.     The  rest  of  arc  2'. 

Mame*  b,  Pholadomya,  beds  146  to  164.  Marine,  witb  two  alterations 
of  siliceous  limestone  and  marl.    The  first  part  of  arc  3'. 

Oypsuin  No.  3,  beds  155  to  153.  Marine  marl  and  gypsnm.  one  nl- 
ternation,  and  Mame&  Lvciana,  bed  159.    Tbe  rest  of  arc  3'. 

(The  beds  146  to  159  thus  have  together  three  alternations  and  com*- 
Bpond  to  tbe  arc  3'.) 

OypBum  No.  2,  beds  160  to  196,  arc  4'.  Marine,  at  any  rate  for  a  great 
part.  Bat  it  mast  be  remarked  that  no  fossils  have  been  cited  from  titc 
last  part  of  this  series.  Gypsum  alternating  with  marls  about  flvu 
times.  The  most  im|iortant  gypsiferons  horizons  are  tbe  beds  161, 171 
to  176, 178  to  188, 191  and  194. 

Gypsum  No.  1,  bed  197, 8  meters  thick,  witb  fresh-water  animals.  One 
alternation.    Between  arcs  4'  and  5'. 

Mame  bleue,  beds  198  to  204,  and  Mame  blanche,  beds  205  to  2ll9, 
ft«sh-water  marls  alternating  witb  marly  limestones  and  fenuginona 
marls  about  four  or  five  times.    Arc  6'  and  the  first  third  of  arc  6'. 

Mame  verte,  beds  210  to  217,  a  brackish-water  formation  with  two  iil- 
teruations  of  clay  with  marl  and  siliceous  limestone.  The  up|>er  purl 
of  arc  6'. 

Oalcaire  de  Brie,  heis  218  to  220,  a  freshwater  limestone.  Pfrha|»a 
we  bave  here  indications  of  several  climatic  alternations,  for  limestones 
occur  alternating  with  mari  three  or  four  timea,  though  certainly  in 
very  thin  beds.    Its  place  is  in  tbe  hollow  between  arcs  6'  and  7'. 
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Marne  et  Molasse  Maritie,  beds  221  to  231.  Glaj  alternatiDg  witb 
marty  limeBtone  aod  santlstone  three  or  foar  times.  The  npper  part  of 
wo  7'. 

Soilea  de  FontoHaye,  bed  232.  Marine  sand  with  a  few  layers  of  clay, 
bat  irithoat  mu'ked  alternatioiia.    The  latter  part  of  arc  7'. 

Cakttire  de  Beauee  (p.  p.)    Fresh  water,  between  arcs  7'  and  8' 

Prom  this  we  get  a  complete  agreement  with  the  palieontological  re- 
Bolts,  as  shown  by  the  following  comparisou  of  the  equivalent  forma- 
tions in  both  basins : 


Gi^  de  Beanchamp,  eUi 

CBloirede  St.  Oaen 

Stblca  ds  HonGcaux 

Mune  ft  Pholadomja,  Ojrpse  No.  3,  Ukroe 

G;pnMo.2-l.     Hune  blene 

Nune  bUuche 

Hanie  verte 

C«lc»ire  ile  Brie.  „ 

Hune  et  Mollaaae  marine 


Barton  Clay.    Headon  Hill  Sand. 
Wanting. 
Lower  Headon. 
Uiddleand  Upper  Headon. 

Oabome. 

Bembridgo  Limestone. 
Bembridge  Oyater-bed. 
Bembridse  and  Hametead  Marls, 
Hamstead  Corbnla-beds. 


It  will  be  seen  that  the  number  of  alterations  of  strata  is  about  the 
same  in  the  synchronous  formationa  in  the  Paris  and  Hampshire  Basins. 
ThiB  shows  that  this  alternation  of  strata  was  due  to  a  general  cause; 
and  that  this  cause  is  the  precession  of  the  equinoxes,  seems  highly 
probable. 

As  moreover  the  curve  of  the  eccentricity  of  the  earth's  orbit  ap- 
pears at  the  same  time  to  be  a  cnrve  of  the  variations  of  the  sea-level, 
we  may  also  couclnde  with  probability  that  for  one  reason  or  another 
the  sea  rose  and  fell  with  the  eoceutrictty. 


n,g,t,7l.dM,GOOglC 


n,g,t,7l.dM,GOOglC 


TIME  KEEPING  IH  GREECE  AND  EOME.' 

By  F.  A.  SEELT,o/tke  U.  8.  Patent  Office. 

In  m;  room  in  tbe  Patent  Office  there  bangs  a  Connecticut  clock  of 
ordiaary  pattern  and  quite  imiterfectly  regulated.  Ita  vuriation  of  |>er- 
haps  half  a  minnte  io  a  day,  however,  gives  me  no  concern,  Biuce  being 
coDDect«dby  wire  with  the  transmitting  clock  at  tbe  Naval  Observatory, 
it  is  every  day,  at  nooD,  set  to  accarat«  time.  At  the  moment  of  12 
o'clock  there  uomes  a  stroke  on  a  little  bell  and  simultaneously  the 
three  bauds,  hoar,  minnte,  and  second — whether  they  may  have  gained 
or  lost  during  the  preceding  twenty-fonr  hours,  fly  to  their  vertical  po- 
sition. Immediately  after  I  bear  a  chorus  of  factory  whistles,  sounded 
in  obedience  to  the  same  signal,  dismissing  the  workmen  to  their  mid- 
ilay  meal.  At  the  same  momeu^^nd  eontroUed  by  tbe  sAine  impulse, 
the  ball,  visible  on  its  loft;  staff  from  all  the  ships  in  New  York  Har- 
bor, drops,  and  the  seamen  compare  their  chronometers  for  their  com- 
ing voyage.  The  same  signal  is  sent  to  railway  offices  and  governs  the 
clocks  on  thousands  of  miles  of  track  and  determines  the  starting  and 
stopping  and  speed  of  their  trains.  It  goes  to  the  cities  of  the  Gulf  and 
of  the  Pacific  as  well  as  to  those  of  the  Atlantic  coast — noted  every- 
where as  an  important  element  in  the  safe,  s])ee(]y,  and  accurate  conduct 
of  commerce;  and  so  the  work  of  the  regulating  clock  of  the  Observa- 
tory, sent  out  by  means  which  note  the  minutest  fraction  of  a  second  of 
time,  is  playing  its  important  part  in  the  economy  of  our  century.  I 
can  not  follow  it  out  in  detail;  every  one  will  do  so  to  some  extent  in 
bis  own  mind.  But  if  we  were  to  divide  human  history  into  eras  ac- 
cording to  the  minuteness  with  which  the  passage  of  time  is  observed 
Id  the  ordinary  affairs  of  life,  we  should  And  ourselves  to  have  arrived, 
and  very  lately,  in  what  might  be  called  the  era  of  seconds. 

At  the  opposite  extreme  is  the  period  when  the  passage  of  day  and 
night  reveals  itself  to  the  dullest  intellect.  Perhaps  no  savage  people 
have  ever  been  so  dull  as  not  to  have  noted  more  than  this.  We  can 
hardly  conceive  a  state  in  which  the  brutal  hunter  did  not  take  note  of 
tbe  declining  sun  and  observe  that  the  close  of  the  day  was  approach- 


*  RctHl  before  the  Antbropological  Society  of  Wuibiagton,  April  5,  ISUT.  .(Prom  the 
»nka»  AnthropclosUt  Cot  JsmtiMj,  1883,  vol.  i,  pp.  85-50.)  LiOO^^IC 
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iog.  Tbe  leiij:;tbeiiiiij?of  his  own  sbadow  was  an  always  present  phe- 
nomenon, and  men  must  bave  observed  shadows  almostassoon  as  they 
became  capable  of  observing  anything.  But  this  kiad  of  observation 
went  ou  for  ages  withont  any  attempt  to  snb-divide  tbe  day,  aod  uoae 
but  the  great  natural  periods  mark^  off  by  sanrise  and  sanset  were 
recognized. 

Between  this  period,  marked  by  the  observation  of  the  natnral  dsy 
only,  and  that  in  which  we  live,  there  have  been  many  steps  of  progress, 
the  very  dates  of  which  may  in  some  cases  be  quite  distinctly  observed. 
We  find  an  era  where  noon  begins  to  be  aot«d,  and  the  natnral  day  is 
equally  (Iivide<l  by  its  observation.  Then  we  find  an  era  in  which  cither 
the  entire  day  or  its  great  natnral  fractions  are  again  divided  into 
smaller  fVactions  of  rather  indefinite  length,  as  is  now  done  by  sotne 
savages  and  as  was  done  in  the  earlier  history  of  Greece  and  Uome. 
Next  to  this  comes  the  era  in  which  definite  artificial  fractions  of  the 
day  are  observed,  which  may  be  called  tbe  era  of  hours.  It  was  many 
centuries  after  this  before  men  in  the  ordinary  traDsactions  of  life 
counted  their  time  by  minutes,  but  the  time  when  this  began  is  quite 
distinctly  marked. 

I  would  not  say  that  these  eras  are  contemporaneons  in  all  nations, 
nor  could  I  assert  that  they  correspond  closely  with  any  recognized 
stages  in  civilization  and  culture;  in  fact,  the  observation  of  hours  of 
the  day  does  not  appear  to  obtain  until  civilization  is  reached.  This  is 
true  however, — men  measure  most  carefully  that  which  they  value  most, 
and  the  valne  of  time  is  enhanced  just  in  proportion  to  tbe  mnltipLicity 
of  tbe  demands  upon  it  which  the  existing  state  of  society  involves. 
The  man  who  has  engagements  at  the  bank,  the  cnstom-bonse,  his  own 
warehouse  or  factory,  aod  in  a  court-room,  and  a  dozen  or  more  indi- 
viduals to  meet,  each  of  whom,  perhaps,  has  similar  pressing  engage- 
ments, and  then  most  reach  an  express  train  at  4:30  in  order  to  dine  at 
6,  fifty  miles  away,  must  allot  his  time  with  the  greatest  care  and  meas- 
ure it  with  tbe  utmost  minateness.  To  tbe  savage,  the  sun  rises  and 
sets,  and  rises  again  ;^.one  day  is  as  another ;  nothing  presses  but  hun- 
ger, and  that  he  endures  till  fortune  brings  food.  He  needs  no  clock  to 
tell  him  it  is  dinner-time,  for  itis  always  dinner- time  when  there  is  food. 
When  people  travelled  leisurely  by  stagecoach,  walking  up  the  hills  to 
rest  the  horses,  stopping  at  the  wayside  inns  to  dine,  and  well  content 
at  tbe  close  of  the  day  if  50  or  60  miles  had  been  covered,  Seconals  of  time 
and  even  minutes  were  of  little  account;  bat  when  trains  are  run  on  a 
complex  schedule,  and  for  a  whole  season  Id  advance  it  is  set  down  at 
just  what  place  each  train  must  be  at  each  moment  of  every  day,  an<l 
the  safety  of  lives  and  property  de{>ends  on  exact  adherence  to  the  pre- 
scribed order,  then  the  station  clocks  must  be  inv^ariable  and  aynchro- 
nous  and  the  conductor's  watch  true  to  the  second.  Civilization  is 
marked  at  every  step  of  its  progress  by  the  multiplication  of  the  varied 
relations  between  men,  and  since  the  importance  of  time  is  enhanoeil 
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by  the  eame  mnltiplicatiOD,  it  may  fairly  be  asked  wbetber  tbe  accuracy 
Titb  which  tjiue  is  observed  in  ordiuarylife,  may  uot  after  ail  aflord  one 
of  the  most  perfect  indicationa  of  the  social  coudition  of  a  people. 

Tbe  material  is  not  gathered  for  a  fall  discnssion  of  a  question  like 
tbis,  and  I  aball  not  oecnpy  myself  with  it,  but  as  incidental  to  and  sug- 
gested by  the  topic  I  have  chosen,  some  light  seems  to  be  thrown  on  it 
by  tbe  attempt  to  place  in  their  true  correlation  facts  of  history  not 
hitherto  brought  together.  I  have  proposed  to  myself  only  a  study  of 
tbe  growth  of  the  common  clock,  noting  tbe  vanous  steps  in  its  devel- 
opment with  reference  tx>  their  period  in  history,  and  to  the  social  condi- 
tions which  inspired  or  demanded  them,  as  well  as  to  tbe  state  of  science 
sod  mechanic  arts  which  made  their  consummation  possible.  The  sub- 
ject is  too  large  for  a  single  paper,  and  I  have  therefore  taken  for  pres- 
ent consideration  that  part  which  relates  to  time  keeping  among  tbe 
ancient  peoples  from  whom  we  chiefly  derive  our  civilization  and  to  a 
period  of  history  which,  by  a  sort  of  coincidence,  practically  terminates 
with  the  beginning  our  of  era.  My  guide  in  this  inquiry  will  be  the  prin- 
ciples in  earematios  that  inventions  always  spring  from  prior  inventions 
or  known  expedients,  and  that  they  come  in  response  to  recognized 
wants.  It  Deed  not  be  repeated  that  these  principle?  find  copious  illus- 
trationa  jn  tbe  progress  of  every  art;  bnt  the  truth  can  not  be  too 
itrongly  enforced  that  the  progress  of  no  art  can  be  intelligently  studied 
or  thoroughly  comprehended  without  keeping  them  in  mind. 

The  few  barren  and  isolated  facta  that  have  been  preserved  to  us  re- 
^rding  time-keeping  prior  to  about  six  hundred  years  ago  are  not 
enoagh  in  themselves,  however  carefully  collated,  to  constitute  an  in- 
telligible or  consecutive  history.  Bnt  I  need  not  say  that  no  event  is 
ID  fact  isolated  from  all  others  in  canse  and  effect;  iind  if  we  can  not 
have  direct  light  we  may  took  to  tbe  concurrent  events  of  history  for 
HiOe  lights  upon  onr  meager  facts  which  will  perhaps  throw  them  into 
stronger  relief  than  the  direct  narration  of  nnpbilosophical  historians. 
Bence,  if  I  shall  seem  to  any  one  to  lean  too  ranch  upon  the  synchronisms 
and  sequences  of  history,  it  is  not  that  I  do  not  realize  the  possible  fal- 
luionsness  of  an  argument  which  has  no  other  foundation ;  but  in  the 
progress  of  inventions  such  sequences  are  to  be  sought  for.  Invention 
responds  to  want,  and  tbe  waut  may  originate  in  some  crisis  or  event 
liaviDg  no  apparent  affinity  in  character  with  the  want  it  engendered  or 
tbe  invention  that  sprang  to  meet  it.  And  these  are  not  mere  accidents ; 
tbfy  are  the  natural  course  of  what  I  venture  to  call  the  flse<l  laws  of 
forematics.  At  tbe  same  time  these  laws  do  not  necessarily  always  cull 
for  original  invention,  since  importation  of  an  invention  already  known 
elsewhere  may  equally  supply  the  want,  and  historical  crises  are  as  likely 
to  lead  to  importation,  where  it  is  possible,  as  to  invention.  It  is  with 
these  principles  in  view,  and  always  looking  for  such  side  light  as  con- 
temporary events  can  give,  that  I  have  attempted  to  frame  the  consec- 
Qtive  history  of  time-keeping,  of  which  this  paper  is  a  part 
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There  are  three  primitive  forma  of  time- keeping  iDstroments — thesna- 
dial,  the  clepsydra  or  water  clock,  and  the  gradaated  candle.  The  last 
plays  no  part  in  the  evolution  of  the  modern  time-keeper,  and  1  shall 
pass  it  by  withont  fortber  notice,  notwithstanding  some  intertnting  his- 
torical associations  connected  with  it.  Bnt  the  snn-dial  was  at  the  be- 
ginning the  only  time-keeper,  and  man's  ideas,  developing  into  wants, 
led  to  its  greater  perfection  till  these  wants  passed  Tat  beyond  what, 
with  its  limitations,  it  conld  snpply.  Its  contribatioo  to  the  present 
state  of  tbe  art  was  not  large,  mechanically  considered,  bnt  it  was  enongb 
to  create  the  demand  for  something  better,  and  withoat  this  contribO' 
tion  tbe  art  could  not  have  been.  The  rude  utensil  which  the  Greeks 
called  a  clepsydra  bad  no  resemblance  to  the  peri'ected  time-piece  of 
this  centary,  but  nothing  in  history  is  surer  than  that  out  of  it,  by  slow 
accretions,  science  and  art,  by  turns  mistress  and  handmaid,  have  pro- 
daced  the  masterpiece  of  both. 

This  history  is,  therefore,  the  history  of  a  human  want  and  of  a  me- 
chanical structure  developed  in  response  to  it.  Bnt  wants  grow,  aud 
this  has  grown ;  and  in  tracing  it  wo  do  not  find  it  always  in  the  same 
likeness.  Sometimes  the  want  of  tbe  moment  is  satisfied,  and  then  it 
appears  in  a  novel  and  unexpected  form,  altered  in  its  whole  cotnplesion 
by  that  which  has  jnst  appeased  it.  And  as  we  recognize  this  Protean 
character,  we  ueed  not  suppose  that  tbe  Babylonian  astrologer  who 
made  some  improvement  in  a  sun-dial  had  a  single  idea  or  purpose  in 
common  with  those  of  a  railway  manager  who  last  week  connected  his 
regulator  by  wire  with  the  Observatory.  We  trace  oar  want  in  the  de- 
velopment of  institutions,  in  the  creation  of  new  demands  upon  time.  In 
the  growing  complexity  of  human  relations,  in  political  crises,  and  we 
may  determine  iis  character  or  intensity  by  the  means  used  to  snpply  it 
and  tbe  generality  of  their  adoption.  The  story  of*the  growth  of  the  in- 
strument is  inseparable  from  thai  of  the  growth  of  civilization. 

Writers  on  the  history  of  tbe  clock  (and  they  are  not  few)  have  gen- 
erally begun  by  a  reference  to  the  sun-dial  as  a  Babylonian  or  Chaldean 
invention.  We  can  trace  it  no  further,  and  have  no  means  of  determin- 
ing when  the  invention  was  made.  We  learn  ftvm  tbe  Old  Testament 
Scriptures  that  it  was  known  at  Jernsalem  as  early  as  seven  centuries 
before  our  era,  and  the  manner  of  its  mention  indicates  that  in  that  city 
it  was  a  novelty.  King  Abaz,  by  whose  name  this  dial  is  called,  had 
introdnced  other  novelties  into  his  capital  on  hisretnm  fh>m  Damascus, 
whither  he  bad  gone  to  make  his  submission  to  Tiglath-Pileser  11,  King 
of  Assyria ;  and  it  is  not  unreasonable  to  suppose  that  tbe  dial  ba«1  the 
same  origin.  However  this  may  be,  it  was  a  graduated  instrument, 
having  degree  marks  of  some  kind  which  showed  the  daily  course  of 
the  snu.  We  may  infer  that  it  was  at  least  of  a  Babylonian  pattern, 
and  it  points  to  a  remote  i)eriod  when  a  grailuated  dial  indicating  the 
time  of  day  by  a  shadow  passing  overit  was  known  to  Oriental  peoples. 

PresDuiably  it  was  their  invention.    The  snggestion  that  tbe;  derived 
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it  from  Egypt  is  a  gaess  only,  based  on  the  supposed  earlier  growth  of 
Egj'ptian  science.  To  sncli  a  guess  might  be  opposed  the  fact  that  in 
all  the  Egyptian  monuments  yet  explored  there  is  no  hint  of  snob  au 
iDStrameDt. 

Tlie  Assyrian  monuments  are  equally  silent;  and  the  same  apecnla- 
tion  which  attempts  to  account  for  the  absence  of  all  representation  of 
asuD-dial  in  the  sculptures  which  have  revealed  to  us  so  much  of  the 
domestic  life  of  the  Assyrian  people  applies  Co  Egypt  also.  We  may 
believe  that  it  was  not  a  device  generally  known  or  commonly  used. 
Very  likely  the  knowledge  of  it  was  confined  to  the  priests  and  miigi, 
who  were  not  only  ministers  of  the  religion  of  each  country,  but  the 
masters  of  its  science.  This  device  constituted  a  part  of  their  mystery 
and  was  religionsly  kept  from  the  public  knowledge.  In  support  of  this 
conjecture  it  may  be  said  that  the  PbtJbuiuiaus,  who  peuetrated  everj- 
laud,  dealt  iu  every  merchautable  commodity,  and  from  their  active  com- 
mercial Iiabits  were  the  very  persons  who  would  have  found  the  use  of 
attme-piece  most  valuable,  do  not  appear  to  have  known  of  any  such 
instmraentality;  but  the  inner  temples  of  Tbebes  and  Babylon  were  not 
open  to  those  hardy  mariners,  and  the  exhumations  of  Cyprus  reveal 
DO  more  to  as  than  those  of  Nimrond  and  Memphis. 

It  is  scarcely  profitable  to  grope  in  the  darkness  for  the  origin  of  the 
Baa-dial;  bat  certain  facts  are  apparent  and  may  be  briefly  indicated. 
In  Egj-pt  and  Assyria  observation  of  the  heavenly  bodies  was  a  part  of 
the  religions  cult.  The' regulation  of  the  calendar  belonged  to  the  min- 
isters of  religion.  For  the  regulation  of  the  calendar,  which  of  course 
involved  the  tietermination  of  the  length  of  the  year,  the  recurrence  of 
the  solstices  mnst  be  noted;  and  these  conld  only  be  noted  by  observa- 
tion of  the  day  when  the  shadow  cast  by  the  huh  at  noon  was  at  its 
maximum  or  minimum.  The  observiition  of  shadows  for  the  determi- 
dation  of  noon  led  (tt  could  scarcely  be  avoided)  to  their  further  ob- 
wHi-ation  during  the  entire  period  of  the  sun  al>ove  the  horizon,  and,  at 
laat,  to  marking  the  surface  on  which  the  Hlia<low  was  cast  by  perma- 
nent lines  dividing  the  day  into  some  kind  of  regular  parts.  AU  this 
might  be  done  as  a  matter  of  scientific  observation  without  conscious 
Deed  of  a  time-piece. 

The  sun-dial  took  many  forms,  and  more  than  one  of  these  may  have 
iKeu  known  to  the  Babylonians.  The  art  ot  dialing  involved  mathe- 
matical problems  of  considerable  complexity,  and  the  study  of  this  art 
very  likely  contributed  to  the  knowledge  of  mathematics  that  the  world 
IKMsessed  at  that  early  period.  The  consideration  of  these  forms  is  not 
gertnane  to  my  present  purpose,  which  is  for  the  moment  only  to  show 
that  long  before  the  appearance  of  the  sun-dial  in  Greece  the  instrn- 
meot  had  been  apparently  perfected  by  the  wise  men  of  the  East. 

Historians  have  agreed  iu  fixing  the  period  of  the  introduction  of  the 
ina-dial  iotoGreece  in  the  latter  part  of  the  sixth  century  b.  0.  Herod- 
OtW  Bays  it  was  ^eriveil  from  the  Babylonians,  from  whon^J^t^j^^jM. 
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declares  the  Greeks  to  have  derived  the  twelve  parte  {SuaSeia  pipta)  of 
tbe  day.  Others  however  ascribe  its  invention  to  Anaximander,  who 
id  said  to  have  set  it  ap  in  Lacedsetnon.  It  is  evident  that  he  need  not 
have  invented  it,  but  might  have  brought  it  from  some  country  where 
its  use  was  already  known.  It  is  significant  that  Anaximander  and 
Anaximeues  {to  whom  some  writers  ascribe  the  honor  of  the  inventioD), 
were  both  fellow-citizens  and  pnpila  of  Thales  of  Hiletns,  and  that  tiie 
date  of  this  introduction  synchronizes  with  the  extensive  and  iutimate 
acquaintance  between  Egypt  and  Greece,  which,  commencing  in  the 
reign  of  Psammetichus,  reached-  its  cnlmination  under  Amasis,  the 
fourth  king  of  that  dynasty,  and  in  which  tbe  people  of  Hitetas  bore 
the  most  prominent  part.  Under  this  last  king,  whom  they  assisted  in 
throwing  off  the  yoke  of  Assyria,  Greeks  swarmed  in  tiie  Egyptian 
court,  filled  ber  armies,  manned  her  fleets.  !Fhey  passed  to  and  fro 
continually;  Greek  philosophers  pursued  their  stndies  in  BgyptiaD 
schools ;  and  who  shall  say  how  many  of  the  secrets  of  art  and  science 
found  their  way  at  that  time  from  the  land  of  the  Pharaohs  to  the 
spirited  and  versatile  people  just  emerging  ftxim  barbarism  across  the 
Mediterranean  1  Surely,  if  under  such  conditions  anything  of  Egyptian 
origin  or  likely  to  have  been  in  Egyptian  possession  is  found  to  have 
ma<1e  its  appearance  among  the  Greeks,  we  need  not  speculate  as  to 
how  it  got  there. 

It  does  not  appear  that  the  sun-dial  was  introduced  to  the  Greeks  in 
any  perfected  form.  On  the  contrary,  it  was  at  first  a  mere  staff  or 
pillar  (rvu/iti'),  destitute  of  any  graduated  dial  which  conid  indicate 
the  passage  of  an  hour  or  any  definite  fraction  of  a  day.  The  length 
of  the  shadow,  measured  in  feet,  determined  the  time  for  certain  regu- 
lar daily  duties,  as  a  shadow  6  feet  long  indicated  the  bour  for  batliing 
and  one  12  feet  long  that  for  supper.  More  accurate  and  convenient 
forms  were  perhaps  known  to  philosophers ;  but  if  so,  they  did  not 
come  into  common  use.  This  simple-device  was  sufficient  for  the  sim- 
ple habits  of  the  people.  The  twelve  parts  of  the  day  of  which  Herod- 
otus speaks  bad  no  meaning  to  the  Athenians,  who  bad  no  word  meaning 
specifically  an  hour ;  and  as  late  as  the  time  of  Alexander,  the  old  system 
seems  to  have  been  followed.  This  kind  of  observation,  it  may  be  re- 
marked, was  perfectly  feasible  in  the  shadow  of  an  Egyptian  obdisk, 
which  may  partly  account  for  the  absence  of  the  instrument  from  other 
nionumeots  of  that  country.  As  a  matter  of  history,  an  obelisk  at 
Some  was  actually  used  for  a  sun-dial  in  the  time  of  Angnstns. 

We  learn  from  this  history  at  what  period  and  in  what  stage  of  prog- 
ress the  Greeks  first  had  the  idea  of  measuring  time.  If  we  associate 
it  with  the  period  of  Solon,  the  Atheniau  law-giver  who  died  about  570 
B.  0.,  we  may  form  some  idea  of  the  condition  of  the  people  of  Athens 
A-om  the  character  of  his  legislation  and  the  miseries  he  attempted  to 
mitigate.  The  Greeks  had  written  lauguage  and  they  had  literature, — 
Homer,  Hesiod,  Sappho,    They  had  a  system  of  wei^^  f^^i  i^easnres, 
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udacoioage.  Tbey  were  prolific  id  political  ideas.  Bat  the  period 
joBt  previoas  to  Solon  was  marked  by  the  tyrsDity  of  the  oligarchs,  the 
sereritf  of  whose  legislation  gave  the  term  "  Draconian  "  its  signifi- 
canoe,  by  widespread  poverty,  by  slavery,  by  the  decline  of  agricultare 
and  indnstry,  and  by  the  unceasing  war  of  factious.  Athens  was 
emei^ng  from  sncb  conditions  as  these,  under  the  reign  of  Pisistratus, 
at  tbe  time  when  the  Milesian  philosopher  is  said  to  have  iutrodnced 
the  snn-dial.  We  may  conceive  that  the  conditions  were  not  favor- 
ahlo  to  the  gene^  adoption  of  any  novelty  of  this  character,  but  it  is 
noticeable  that  this  period  was  followed  immediately  by  one  of  dem- 
ocratic ascendency  nuder  the  constitution  of  Cleisthenes,  in  which  the 
naval  power  and  commercial  importance  of  Athens  were  vastly  aug- 
mented, and  which  continued  without  interruption  until  his  invincible 
phalanxes  laid  all  Greece  at  tbe  feet  of  Philip  of  Macedon. 

It  was  during  this  era  of  maritime  vigor,  of  commercial  prosj^rity, 
and  of  dooiinatiug  iuflaence  at  home  and  abroad,  that  Athens  achieved 
that  splendor  in  art  which  has  made  her  a  beacon-light  tbr  all  subse- 
qnent  peoples  and  ages;  and  in  this  period,  time-keeping  in  common 
life  had  its  first  development.  Bat  the  snn-dial  is  an  instrnment  of 
limited  capacity ;  however  perfected,  it  was  valueless  in  the  hours  of 
night  and  in  the  days  of  cloud  and  storm  that  even  snnny  Greece  does 
not  always  escape.  Bnt  more  than  this,  it  was  incapable  of  in-door 
ose;  and  in  the  outgrowth  of  institutions  under  democratic  order  and 
among  a  litigious  and  voluble  people  a  new  and  singular  want  had 
arisen  demanding  some  means  of  checking  time  which,  from  its  limita- 
tiODB,  the  snn-dial  could  not  supply.  With  her  other  arts,  that  of  ora- 
tory had  developed  in  Athens;  bnt  every  orator  was  not  a  Pericles, 
and  whatever  may  have  been  the  merits  or  detects  of  their  perform- 
auces  tbe  inordinate  length  of  these  was  too  great  a  tax  on  the  triba- 
oals.  It  therefore  became  necessary  to  limit  and  apportion  the  time 
of  public  speakers  in  the  courts,  and  to  do  this  equitably  some  practical 
means  of  indicating  time  was  necessary.  Hence  arose  the  demand  for 
another  instrumentality  whose  origin  and  history  are  now  to  be  traced. 

It  is  proper  to  pause  for  a  moment  here  to  note  a  distinction  between 
two  kinds  of  instruments  used  to  measure  time.  A  continuous  instru- 
ment like  a  clock,  which  marks  off  the  hours  of  the  day  and  night  as 
they  pass  successively  away,  is  what  is  called  in  common  language  a 
lime-keeper ;  but  there  is  a  class  of  instruments  which  do  not  keep  the 
record  of  continnona  time,  but  arti  used  only  for  the  checking  of  brief 
periods ;  sacb  an  instrument  is  the  glass  by  which  the  seaman  observes 
his  log  or  tbe  cook  boils  her  eggs.  To  such  instruments,  for  tbe  want 
of  abetter  t«rm,  I  give  the  name  time-checks,  to  distingnish  them  from 
time-keepers.  Their  use  is  quite  distinct  from  that  of  observing  the 
time  of  day,  and  yet  it  is  apparent  at  odSb,  that  by  careful  attendance, 
aa  by  turning  the  hour-glass  at  the  moment  when  its  last  sand  has  run 
ootgthe  time-check  maybe  made  to  perform  tbe  office  of  a  time-keeper. 
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The  alloBious  of  aocient  writers  and  of  BOme  modern  ones  to  devices  of 
these  two  claaseB  are  sometimes  mis-leading  and  coDfQsinf;  becaaae  this 
distinction  has  not  been  kept  in  view.  It  is  particatarly  importaot  in 
the  stndy  of  the  clepsydra,  which  is  originally  a  time-check  only,  while 
the  snn-dial  ia  a  troe  time-keeper. 

The  clepsydra  or  water  clock,  in  its  simplest  form,  is  traced  by  his- 
torians no  further  than  Greece,  abont  430  b.  o.,  in  the  time  of  Aristo- 
phanes, whose  familiar  references  to  it  show  its  use  for  oertain  purposes 
to  have  been  common. 

I  confess  I  have  been  far  from  satisfied  with  stopping  at  this  half- way 
house  in  seeking  for  the  origin  of  this  instrument.  I  have  sought  fur- 
ther, and  what  I  have  found,  if  conclusive  of  nothing,  is  at  least  sng- 
gestive. 

If,  taking  our  lives  in  our  hands,  we  oonld  step  on  board  a  Ualay  proa, 
we  should  see  floating  in  a  bucket  of  water  a  cocoauut  shell  having  a 
small  perforation,  through  which  the  water  by  slow  degrees  finds  Its 
way  into  the  interior.  This  orifice  is  so  proportioned  that  the  shell  will 
fill  and  sink  in  an  hour,  when  the  man  on  watch  calls  the  time  and  8et£ 
it  afloat  again.  This  device  of  a  barbarous,  unprogressive  people,  so 
thoroughly  mde  in  itself,  I  conceive  to  be  the  rudest  that  search  of  auy 
length  can  bring  to  light.  It  is  in  all  aspects  rudimentary.  One  can 
scarcely  conceive  of  anything  back  of  it  but  the  play  of  children,  and 
as  a  starting  point  for  this  history,  it  is  much  more  satisfactory  than 
what  is  disclosed  in  the  polished  ages  of  Greece.  There  is  nothing  in 
its  structure,  if  we  were  to  consider  that  only,  to  prevent  it  from  being 
a  survival  of  an  age  long  antecedent  to  the  use  of  metal.  The  pro- 
tolitbic  age  might  have  originated  it  if  can  conceive  that  protolithic  man 
could  have  had-  use  for  it. 

Leaving  our  piratical  friends,  to  whom  we  are  80  much  indebted,  and 
passing  to  their  not  remote  neighbors  in  Northern  India,  we  find  the 
mde  coooanut  shell  develo[>ed  into  a  copper  bowl.  Its  operation  is  the 
same;  but  the  attendant  who  stands  by  and  watches  the  moment  of  its 
sinking,  now  strikes  the  hour  on  the  resonant  metal.  It  is  easy  to  see- 
in  fact  it  would  be  difficult,  to  doubt — that  this  has  been  an  improve- 
ment on  an  apparatus  like  that  of  tbe  Malay  and  the  natural  result  of 
improvements  in  other  arts,  eminently  that  of  metal-working.  It  is 
more  enduring,  more  perfectly  accomplishes  its  purpose,  and  is  in  the 
precise  direction  that  Improvement  on  the  ruder  appliance  might  be  ex- 
I>eeted  to  pursue. 

Passing  from  Soatbern  Asia  to  a  people  geographically  remote,  1  next 
observe  the  water  clock  in  use  up  to  this  day  in  Obina.  We  find  the 
metal  vessel  with  its  minute  perforation  as  before,  bat  it  has  undergone 
a  radical  change  in  respect  to  its  manner  of  use.  It  is  now  filled  and 
the  water  flows  from  it  in  drops.  Obviously  enough  the  flight  of  time 
might  be  indicated  by  merely  observing;  when  the  vessel  has  emptied 
itself,  and  tbeti  re-flUin^  it,  which,  as  will  presently  api>ear,  ^u  «ziKtl; 
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the  simplest  Greek  and  BomuD  ulepaydra  aud  diflers  in  uo  luechaujcal 
respect  from  tbe  ordiuary  saud-glass. 

Bat  ill  the  days  wheu  the  Ohiuese  were  a  progressive  people  aud  de- 
veloped inveatious  for  which  Europe  bad  many  ceuturies  lo  wait,  this 
Tuter-clock  advanced  for  beyond  the  crude  thing  we  have  t>eeu  con- 
sidering. It  would  seem  that  the  problem  was  to  increase  its  usefulness 
by  sub-dividing  the  uurcasonably  long  intervals  required  for  the  com- 
plete emptying  of  the  vessel.  If  this  was  done  by  markiug  graduations 
oa  the  inside  of  the  vessel  and  so  noting  the  decline  of  the  level  the 
differenoe  in  it«  rate  could  not  foil  quickly  to  make  itself  manifest.  The 
solutioD  of  this  problem,  not  obvious  at  first,  was  found  in  so  arranging 
tbe  vessel  that  it  shonid  discharge  into  another,  where  the  indication 
voald  be  read  in  the  rise  of  tbe  surface,  aud  contriving  to  hold  the 
vater  in  the  apper  vessel  at  a  coostaot  level.  This  was  done  by  employ- 
ing a  third  source,  from  which  there  was  a  constant  Uow  into  the  first 
eqaal  to  its  discharge.  Aa  the  head  in  the  middle  vessel  is  thus  maiu- 
lained  constaut,  the  rise  in  the  lowest  is  made  uniform.  Auolher  radical 
improvement  eohancing  the  practical  utility  of  the  device  was  the  ar- 
rangement of  a  tloat  on  the  surface  of  the  water  iu  the  lowest  vessel. 
Uiwu  this  was  an  iudicator  or  hand,  whi'jb  in  its  rise  travelled  over  au 
adjacent  scale,  and  so  gave  a  time  indication  visible  at  a  distance. 

To  show  what  progress  thi&structure  implies  iu  tbe  development  of 
the  mechanical  clock  it  is  worth  while  to  glance  a  moment  at  the  essen- 
tial elements  of  such  au  instrument.  Reduced  lo  its  lowest  terms  u 
clock  consiats  of  three  elements  only.  These  are  a  motor,  or  source  of 
power,  represented  in  our  clocks  by  a  spring  or  weight;  an  escape- 
ment, or  a  means  by  which  the  stored  power  in  the  motor  is  let  off  at  a 
meaaored  rate;  and  a  dial,  which  is  but  the  meaus  by  which  the  rate 
at  which  the  power  is  let  off  is  made  visible  to  the  eye.  In  this 
Chinese  water-clock  we  discover  all  these  elements.  Water,  acted  on 
by  gravity,  is  a  familiar  form  of  motor;  the  small  perforation  through 
wliich  it  slowly  trickles  drop  by  drop  is  a  true  escapement,  doing  iu 
ili  place  just  what  our  complicated  mechanisms  are  doing  in  theirs; 
and,  rude  as  it  may  appear,  it  is  one  which  mecbaniuians  of  our 
time  are  not  ready  to  dispense  with.  The  visual  indication  is  given 
by  the  rise  of  the  float,  causing  the  pointer  to  pass  over  the  scale. 
Qoiug  backward  from  this  Chinese  clock  we  perceive,  but  less  dis- 
tiactly,  the  same  elements  in  the  Indian  and  Malay  devices,  in  which 
the  operation  is  reversed.  In  these  the  weight  of  the  vessel,  held 
np  by  tbe  resistance  of  the  water  in  which  it  Boats,  is  the  power; 
the  perforation  admitting  the  water  by  slow  degrees  is  the  esca{>e- 
meot,  and  tbe  only  indicator  is  the  visible  sinkiug  of  the  vessel 
itself. 

The  three  devices  described  correspond  in  the  degree  of  ttieir  {ler- 

fection  with  the  conditions  of  art  aud  culture  among  the  {>eoi>Ies  to 

khioh  they  belong;  and,  as  these  Conditions  appear  to  have  been 
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nuchanged  for  a  long  period,  wo  hazard  little  in  assnmiug  that  they 
date  from  a  remote  epoch.  A  description  of  the  Hindoo  instrameot 
appears  in  a  Sanscrit  work  on  astronomy  in  which  it  is  adopted  for 
astronomical  obserrations,  and  Obiiiese  writers  do  not  hesitate  to 
ascribe  the  invention  to  Hwaug-ti,  who  donrished,  according  to  their 
chronology,  more  than  twenty-five  centuries'  before  onr  era,  and  its 
later  improvement  by  the  introdnctiou  of  the  float  to  Dnke  Chan, 
fourteen  centuries  lat«r. 

In  deecribing  these  three  devices  in  the  order  in  which  £  have  placed 
them  I  do  not  mean  to  be  understood  as  intimating  that  they  have 
followed  the  same  order  iu  respect  to  the  time  of  their  developm^t 
nor  that  they  have  been  transmitted  from  one  people  to  another  in  the 
same  order.  I  have,  for  convenience,  proceeded  from  the  lowest  form 
to  the  highest;  but  It  may  well  be  tme  that  the  lower  was  an  adapta- 
tion from  the  higher,  fitting  it  for  coarser  needs,  and  so  being  in  a 
certain  sense  an  improvement.  Consideration  of  the  lines  of  commerce 
might  in  fact  lead  to  the  suspicion  that  the  Malay  got  his  notions 
from  the  Chinese,  since  they  must  for  many  centuries  have  sailed  the 
same  waters  and  been  in  freqncnt  contact. 

But  we  may  come  further  west.  Writers  on  this  subject,  while 
attributing  to  the  Chaldeans  the  invention  of  the  sun-dial,  do  not 
generally  accredit  them  with  the  knowledge  of  any  other  iDstmment 
for  measuring  time.  But  if  we  may  take  as  an  authority  Sextos  Em- 
piricus,  who  wrote  near  the  end  of  the  second  century  of  our  era, 
they  had,  as  he  tells  quite  minately,  the  same  device,  and  used  it  id 
their  astronomical  observations.  "They  divided,"  says  this  author, 
"the  zodiac  into  twelve  equal  parts,  as  they  supposed,  by  allowing 
water  to  run  out  of  a  small  orifice  during  the  whole  revolution  of  a 
star,  and  dividing  tiie  fluid  into  twelve  etinal  parts,  the  time  answer- 
ing for  each  part  being  taken  for  that  of  the  passage  of  a  sign  over 
the  horizon."  I  see  no  reason  for  doubting  this.  In  fact  the  division 
of  the  zodiac  into  twelve  signs  seems  to  require  a  means  of  measuring 
the  passage  of  time  at  night,  and  this  fact  and  the  story  just  qooted 
tally  with  the  conclusion  that  an  instrument  of  the  common  generic 
character  borne  by  all  the  forms  I  have  described  was  known  among 
widely  distinct  peoples  of  Asia  before  the  dawn  of  European  civilica- 
tion. 

Such  an  iuvention  is  not  likely  to  be  lost  by  political  changes  whihi 
supremacy  in  the  exact  sciences  is  maintained.  We  know  that  down 
to  the  Medo-Persiau  conquerors  of  Babylon  each  successive  dominant 
race  adopted,  as  has  often  happened  in  history,  the  dress,  the  manueis, 
and  the  arts  of  the  conquered;  and  we  ne£d  not  doubt  that  this  instm- 
nient  was  in  use  in  the  Persian  Empire  when  its  sword  first  crossed 
that  of  the  Greeks. 

No  record  exists  of  the  introdnctiou  of  the  clepsydra  into  Greece. 
We  might  infer  from  the  absence  of  all  reference  to  it  by  Herodotus 


TIME-KBEPINO   IN  QBEECB  AND   SOMB.  387 

that  ap  to  the  period  when  bis  history  ends,  478  B.  c,  it  was  not 
known.  Fifty  or  sixty  yeara  later,  when  Aristophaoes  vas  vriting  his 
comedies,  it  was  absolately  familiar  Id  Atheus.  The  interval  aamed 
seems  short  in  accounting  for  so  radical  a  change  in  the  habits  of  a 
people  as  is  implied  by  the  general  introduction  of  such  an  uppliance; 
and  yet,  if  we  aek  ourselves  as  to  the  condition  of  the  electric  tele- 
graph or  the  sewing-machine  fifty  years  ago  or  of  the  telephone  ten 
veus  ago,  it  need  not  startle  as  to  conoelTO  that  a  versatile  people  like 
the  Greeks  were  capable  of  as  swift  changes  in  their  habits  of  life,  as 
these  inveDtione  have  induced  in  ours.  That  this  epoch  saw  more  than 
rate  change  in  Athens,  in  the  aspect  of  the  city,  in  the  habits  of  the 
people,  and  above  all  in  their  advance  iu  cultare  and  refinement  and 
the  arts  of  peace,  we  may  be  sore  when  we  remember  that  it  includes 
»&  the  years  of  Pericles'  administration.  It  includes  also  the  abau- 
doDment  by  Sparta,  always  nuprogreesive,  of  the  leadership  of  the 
Greek  commonwealths,  and  with  this  abandonment  the  removal  of  the 
le-actionary  inflnencee  hitherto  a  clog  to  the  enterprise  and  prosperity 
of  Athens  and  of  all  Greece. 

In  the  absence  of  data  ou  this  subject  it  BTems  not  unreasonable  to 
believe  that  the  knowledge  of  the  clepsydra,  vhich  was  widely  spread 
among  Oriental  peoples,  was  introduced  into  Athens  from  the  East 
during— or  at  the  termination  of — the  second  Persian  war;  and  if  we 
choose  to  sorroand  ite  tntrodaotion  with  the  halo  of  romance,  it  is  not 
hanl  to  conceive  that  these  useful  devices  of  civilization  were  gathered 
np  among  the  spoils  of  Platsea  or  washed  ashore  with  the  wrecks  of 
Salainis.  A  more  commonplace  and  not  lees  likely  conjecture  would  be 
that  the  instrument  was  already  becoming  known  in  the  Creek  colonies 
of  Asia,  iutd  perhaps  even  in  Athens  herself,  throngh  intercourse  with 
the  Persians  and  other  Oriental  peoples.  It  came  into  common  use  in 
ubedience  to  the  want,  not  of  a  time-keeper,  which  was  already  supplied, 
bat  of  a  time-check, — a  want  created  by  the  conditions  of  Athenian  so- 
ciety which  I  have  already  described,  and  which  the  only  known  time- 
keeper could  not  satisfy. 

If  the  increasing  burden  and  tedionanesa  of  litigation  led  to  the  en- 
actment of  a  statute  restricting  and  apportioning  the  time  of  speakers 
iu  the  courts,  and  providing  this  means  for  its  regnlation,  it  is  easy  to 
Hee  that  the  use  of  such  means  must  become  at  once  familiar,  I  have 
fonod  no  trace  of  such  enactments,  but  that  strict  ordinances  existed 
lliere  is  no  doubt.  We  know  that  the  time  of  speakers  was  carefully 
proportioned  to  the  importance  of  the  case;  and  trials  of  importance 
encDgh  to  have  the  time  apportioned  were  known  as  j^po^  Uvip,  while 
those  of  trifling  importance,  in  which  perhaps  no  lawyer  appeared, 
were  known  as  avta  aSaTo-;,  two  terms  which  may  be  freely  rendorett 
vtt  and  dry,  the  dry  case  being  as  it  happens  most  quickly  disposed  of. 
Id  a  case  of  great  moment  to  the  State,  involving  a  charge  of  faitb- 
lewnessin  an  embassy,  each  party  was  allowed  10  ampbor«,(Or  almut. 
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50  gallons  of  water.  Nothing  however  seems  to  be  known  of  tbe 
actual  length  of  time  indicated  by  this  quantity  of  water.  A  itassage 
in  Aristotle  gives  some  idea  of  the  form  of  the  clepsydra  as  omnmonly 
nsed.  It  was  a  spherical  bottle  with  its  minate  opening  at  the  bottom 
and  a  short  neck  at  the. top,  into  which  the  water  wos.poarad.  Tbe 
rnnning  out  of  the  water  at  the  bottom  coald  be  stopped  by  closing  this 
ucvk.  lu  using  the  word  bottle  I  do  not  mean  to  imply  that  this 
clepsydra  was  of  glass.  Glass  vessels  of  a  suitable  size  coald  aot  he 
made  at  that  period. 

The  familiar  association  of  this  device  with  tbe  oooits  is  shown  in 
many  ways.  Aristophanes  throughout  his  comedies  is  in  the  habit  of 
usiug  the  word  clepsydra  as  a  synonym  for  court  of  justice,  and  in  a 
humorous  passage  in  The  Wagpa  the  impossibility  of  condncting  a  trial 
without  it  is  qnite  forcibly  set  forth,  by  the  introduction,  to  supply  its 
place,  of  a  veasel  intended  for  less  refined  purposes.  In  fact,  liitmp  be- 
came a  synonym  for  time.  We  flad  Demosthenes  charging  hia  <qipo- 
uent  with  talking  h  rw  iftip  Siarty  "  m  my  water;  "  and  on  ftDOther  occa- 
sion he  shows  tbe  value  he  attached  to  the  time  allotted  to  him  by  torn- 
ing  to  the  officer,  when  interrupted,  with  a  peremptory  ab  di  txS^s  ti 
SSoi/i,  "  Tou  there  I  Stop  the  water ! " 

I  shall  again  have  to  refer  to  this  use  of  tbe  clepsydra  when  I  come 
to  the  Roman  period  of  this  history,  and  will  not  follow  it  farther  now ; 
nor  shall  I  consider  ite  use  as  a  time-keeper,  which,  if  ever  general  iu 
Greece,  was  not  until  a  very  late  period,  belonging  rather  to  the  Roman 
chapter  also.  The  tttory  that  Plato  had  a  clepsydra  which  indicated  tbe 
hours  of  night  is  of  little  moment,  although  it  is  frequently  taken  as  in- 
dicating some  kind  of  a  striking  apparatus ;  but  the  language  of  the 
author  who  is  tho  only  authority  for  the  statement  contains  no  allusion 
to  an  audible  signal,  nor  in  foot  any  intelligible  allusion  except  to  a 
larger  clepsydra  than  usual. 

In  fact,  all  the  improvements  by  which  this  instrument  was  converted 
into  a  time-keeper  belong  to  so  late  a  period  of  Greek  history  that  it  is 
more  convenient  to  consider  them  further  on. 

Where  Greek  colonies  were  founded,  and  where  Greek  indnenoe  pre- 
dominated Greek  acts  and  cnlture  fiourished  also.  Under  tho  Ptolemies, 
Alexandria  became  a  second  home  of  art  and  science,  not  inferior  to 
Athens  herself.  To  a  greater  or  less  extent  the  same  must  have  been 
true  of  tbe  great  cities  which  dottod  the  northern  coast  of  the  Mediter- 
ranean, such  as  Tarentum,  Agrigentnm,  and  Syracuse.  WiA  kindred 
I>eople,  similar  cultnre  and  needs,  and  with  unceasing  commenual  in- 
tercourse, there  is  no  reason  to  doubt  that  whatever  was  in  common  use 
in  the  mother  cities  found  its  way  to  them  also.  It  was  in  Alexandria 
that  in  the  shape  of  wiiat  is  appropriately  termed  the  water-clock  the 
clepsydra  attaiued  its  hrghcKt  development,  in  the  inventions  of  Ctesi- 
bius,  who  is  placed  by  some  writers  in  the  third  centnry  b.  c.  and  by 
others  with  more  probability  in  the  second.    I  resexvQ  theaeiDveations 
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also  for  the  latest  epoch  in  tliis  Iiistory,  to  which  they  seem  more  prop- 
erty to  belong,  udiI  will  uow  pass  to  Jioino. 

There  is  do  reasoo  to  believe  that  the  Etruscan  people,  with  all  their 
proflcieocy  in  certain  arts  and  a  vigorous  and  extensive  loaritinte  com- 
merce, possessed  any  artificial  means  of  indicatlDg  time.  If  they  bad, 
it  could  hardly  have  failed  to  oome  into  use  among  the  Bomans,  whose 
retationfl  with  them  for  oeiitnries  were  close,  even  if  generally  hostile. 
But  it  was  not  till  a  late  period,  long  after  Etruria  bad  been  cnished 
under  the  saccessive  assanlts  of  her  northern  and  soathern  enemies, 
iliat  any  device  of  this  character  was  known  in  the  people  of  Bome. 

Indeed,  the  condition  of  Society  and  of  the  arts  iu  Bome  at  that  era 
was  Dot  such  as  to  reqaire  any  reckoDing  of  the  time  of  day  beyond 
the  observation  of  snnrise  and  sanseL  In  the  twelve  tables,  which 
date  from  the  middle  of  the  fifth  century  B.  o.,  noon  also  is  mentioned. 
But  the  facts  tbaC  history  has  preserved  to  ns  show  that  the  Bomans  of 
ibat  time  were  a  thoroughly  rude  and  almost  barbarous  people.  It  was 
not  nil  two  centaries  later  than  this,  in  the  year  of  Bome  18S  (268  B. 
c.j,  that  silver  coio^e  was  first  struck.  Pliny  says  that  barbers  were 
first  iutrodnced  about  tbe  same  time,  and  that  till  then  the  Bomans  had 
gone  nnsbom.  Cicero  Bays  the  arts  which  had  reached  some  degree  of 
perfection  in  Etruria  were  even  allowed  to  retrograde.  He  says  the 
Bomans  had  some  knowledge  of  arithmetic  and  laud  surveying,  but 
they  coold  not  improve  tbeir  calendar,  and  were  not  even  in  condition 
to  erect  a  common  sun-dial.  As  to  the  state  of  commerce  and  agricnlt- 
ore,  we  are  told  that  in  the  fourth  century  of  Bome,  private  enterprise 
was  so  inadequate  to  tbe  proviaioniug  of  tbe  city,  that  state  commis- 
uoners  were  placed  iu  charge  of  it. 

It  would  seem  that  Bome  was  at  that  period  a  capital,  popnloos  in- 
deed, bat  without  arts  or  sciences,  without  iudnsCriea  and  without  culti- 
vation. War  was  the  only  trade  and  plunder  the  only  source  of  public 
or  private  revenue.  For  tbe  civil  purposes  of  such  a  people  the  natural 
divisions  of  time  were  all  that  were  necessary.  They  marked  the  pe- 
riods for  toil  and  repose,  and  that  was  enough. 

Tbeee  were  a  ruder  people  than  those  of  Athens  in  the  time  of  Solon-, 
bnt  if  they  bad  less  of  cnltnre  tfaey  had  less  of  tyranny  and  less  of  in- 
tcstjne  warfare  to  contend  with  at  home  than  had  tbe  Greeks,  and  they 
were  always  reaching  ont,  widening  their  domain,  absorbing  neighbor- 
ing peoples,  and  making  each  in  its  turn  add  to  tbe  strength  and  glory 
of  their  capital.  Whatever  the  art  and  science  of  the  subdued  nations 
could  Gontribate  to  the  prosperity  of  Bome,  came  by  the  enforced  levy 
of  tlie  conqueror. 

The  time  system  of  early  Bome  was,  like  everything  else,  of  tbe 
mdest  character.  Growing  ont  of  their  military  habits  and  adapted  to 
ttiem,  it  divided  tbe  day  and  night  each  into  four  watches,  the  periods 
of  which  must  have  been  roughly  determined  by  observation  of  the 
cooiBesof  thesu&and  stars.    Id  the  city,  according  to  Pliny,  nepD  bet 
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gall  to  be  accurately  obtterved  sume  years  after  tUc  publicatiou  of  tbe 
law  of  tbe  twelve  tables.  Tbe  accentug  wat«;bed  for  the  momeot  wbe^, 
from  tbe  Senate  Honse,  be  first  caugbt  sight  of  the  son  between  the 
Bostra  and  the  Gneco  Stasis,  when  be  proclaimed  pablicly  the  boor  of 
noon.  From  the  same  point  he  watched  the  dectioiag  sun  aiid  pro- 
claimed its  disappearance. 

Authorities  differ  as  to  tbe  dat>e  of  the  introdoction  of  tbe  Ban-dial 
into  Borne.  Pliuy  attributes  it  to  tbe  eonaol  L.  Papirios  Cursor,  wlio 
set  it  up  at  the  temple  of  Qairinus.  This  has  been  supposed  to  be  a 
trophy  ftom  tbe  Samuite-^ar,  but,  as  the  Samnites  were  a  ruder  people 
even  than  the  Romans,  that  seems  scarcely  credible.  Varro,  as  reported 
by  Pliny,  gives  a  clearer  story,  that  tbe  first  public  sun-dial  erected  in 
Rome  was  fixed  upon  a  column  near  the  Kostxa  in  the  time  of  the  first 
Funic  war  by  the  Oonsul  Valerius -Messa1a,aud  adds  that  it  was  brought 
from  the  capture  of  Oatina.  Tbe  date  given  by  Varro,  491  jl.  v.  c, 
correspouds  to  262  B.  o.,  and  is  about  thirty  years  later  tbaji  that 
ascribetl  by  Pliny  to  tbe  dial  of  Cursor.  As  a  source  for  this  iustra- 
ment,  Sicily  with  her  Greek  arts  and  refinements,  is  much  more  prob- 
able than  tbe  rude  Samnite  people,  and  with  real  appreciation  of  Pliny^ 
frankness,  we  may  accept  the  stery  be  quotes  fh>m  Yarro  in  preference 
te  his  own. 

What  were  the  social  conditions  in  Borne  at  this  period,  the  middle 
of  tiie  third  century  before  oar  era  t  It  ueeils  scarcely  more  thaa  a 
glance  at  a  chronological  table  to  see  that  it  was  a  period  of  swift  ad- 
vance from  the  primitive  rudeness  that  has  been  described.  Id  the 
year  2S3  B.  c.  Etrnria  and  ber  allies,  hitherto  perpetual  foes  to  Borne, 
were  totally  defeated  at  the  Vadimoniau  Lake,  and  abouf  365  b.  a 
Etruscan  independence  disappeared  forever,  simultaneously  with  the 
subjugation  of  all  Italy.  The  whole  peninsula  her  own,  Bonie  reaches 
out  beyond.  The  Uneco- Egyptian  monarchy,  then  at  tiie  very  height 
of  its  power  and  magnificence  under  Ptolemy  Pbiladelphns,  seeks  her 
alliance.  The  Greek  cities  across  the  Adriatic  court  ber  favor.  She 
pushes  her  conquering  arms  across  into  Sicily,  which,  in  24L  b.  c,  be- 
comes a  Roman  province,  followed  a  little  later  by  Corsica  and  Sar- 
dinia. Ho  long&r  prima  inter  pares  ampng  the  warring  tribes  and  na- 
tions of  Italy,  she  has  sprung  as  if  at  a  single  bound  into  her  position 
as  one  of  the  great  powers  of  the  world. 

Tbe  absorption  of  Magna-Gr^cia  and  Sicily  brought  under  her  do- 
minion for  the  first  time  a  cultured  people  and  [wpulons  cities,  filled 
with  and  habituated  to  Grecian  art  and  the  appliances  of  refinement 
and  luxury,  and  the  sun-dial  of  Oatina  is  but  ode  instance  of  what  was 
borne  away  to  embellish  the  Imperial  City.  Doubtless  the  fame  and 
wealth  of  tbe  capital  offered  strong  inducements  to  tbe  skilled  artisaus 
of  dismantled  Tarentuin,  while  the  captives  of  Agrigentuu)  may  in 
their  tnru  have  contributed  in  no  small  degree  to  her  iudastrial  popu- 
lation. 
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The  ooloniats  planted  liy  tbou^tands  fnr  and  wide  over  tbe  uonquereil 
territory  of  lUily  formed  a  stordy  rnral  popnlatioo, — a  etroDg  rcliauce 
in  peace  and  war.  And  the  great  highways  built  for  the  march  of  the ' 
tegions,  and  hitherto  scarcely  reaomidiDg  but  to  their  armed  tread,  now 
became  the  arteries  of  a  steady  and  growing  trafBc.  The  needs  of  n 
circulating  medium  in  her  domestic  and  foreign  trade  were  ill  supplied 
by  tiie  copper  coins  she  had  struck  hitherto,  and  the  products  of  van- 
ooa  foreign  mints  that  hadcome  to  her  with  her  other  acqaisitioDs;  aud 
in  25S  B.  o.,  she  began  to  coin  silver  of  her  own.  Oarthageniau  jeal- 
oaay  of  her  aggressive  rivalry  led  to  the  necessity  of  maintaining  a 
fleet,  and  (after  some  disasters)  to  maritime  supremacy. 

"The  ten  years  preceding  the  first  Punic  war,"  says  Dr.  Thomas  Ar- 
nold, <*  were  probably  a  time  of  the  greatest  physical  prosperity  which  the 
mass  of  the  Roman  people  bad  ever  seen,"  and  it  is  in  this  very  decade, 
with  enlarging  indnstries,  with  a  growing  commerce,  with  multiplying 
complications  in  public  and  private  business,  that  Rome  stepped  from 
tbespriog  timeof  herhiatory  into  her  vigorous  summer,  and  with  this 
step  time-keeping  began. 

The  CatMiian  sun-dial  was  no  mere  gnomon  such  as  had  been  intro- 
doced  ioto  Greece  three  centuries  earlier.  Greek  science  and  genius  had 
been  at  work  on  it,  and  it  was  an  improved  instrument,  constmcted  for 
a  particular  latitude,  and  that  5°  sonth  of  Borne.  But  there  was  no 
HCience  yet  in  Rome  to  detect  its  imperfections,  and,  in  spite  of  them, 
for  cinety -nine  years  it  served  as  the  regulator  of  time  for  the  city. 
Scarcely  credible  as  it  may  seem,  it  was  not  therefore  till  about  a  cen- 
tury anda  half  before  the  Christian  era  that  Some  possessed  her  first 
acearate  time-keeper  in  the  form  of  a  sun-dial  constructed  especially 
fwberown  latitude,  which  was  set  np  at  the  instance  of  the  Censor 
Mucins  Pbillippus.  Meanwhile  dials  of  imperfect  construction  had 
become  common  in  the  city ;  so  common  indeed,  that  as  new  inven- 
Uong  nowadays  affonl  material  for  the  American  paragrapher,  they  be- 
came tbe  happy  aourceof  quips  aud  epigrams.  Thus  Plautus,  in  what  I 
admit  is  rather  a  liberal  version  : 

When  I  was  yoang,  no  time-piece  Romu  Hupplied, 
Bnt  every  follow  had  bis  own~-insiite  ; 
A  Iraat;  boroloKei  that— raiu  or  HbJnu — 
Ne'er  failed  to  warn  him  of  the  boar— b*  dine. 
JAntntardy  KoDiaus  gnoutored  throngb  the  Forum, 
Pat,  Ijale,  couletit ;  f()r  trouble  ne'or  eamo  o'er  them. 
Bat  now  those  curmil  dinls  hIiow  tiioir  TaceH 
All  over  Rome,  in  Mtn'ots  and  public  places ; 
And  men,  to  know  the  hoar,  the  cold  Htuuo  qiicRtioii, 
That  bos  DO  heart,  no  Btomacb,  uodi);eittiDn. 
They  watch  the  ereepiog  Bbadowe— dally  thinner — 
Hhadows  thainnelves,  iibpatient  for  their  dluuer. 
Give  mu  the  ^ood  old  time-piece,  if  y«ii  please, 
CoDfonud  the  villniD  that  inveuted  tfaeeet 
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Ar  formerly,  in  Greece,  the  clepftydra  came  to  supply  tbo  deficiencies 
of  the  Run-dial,  so  hitntory  rei)e»t«d  itself  in  Kome.  Pliny  .iHcrihes  its 
introduction  to  Scipio  Nnaica  in  the  year  of  Bonie  593  ( 153  b.  c.)-  Of 
(Ii»  fonn  ortbiselepttydra  ve  hnve  no  knowledge,  bat  it  waa  no  longer  a 
mere  timc-cltecb,  sucb  aa  was  aned  in  tlie  Athenian  courts,  bnt  a  true 
tinio-keeper,  capiible  of  indicating  oontinnoasly  the  hoars  both  of  day 
ntid  night.  There  were  many  adopted  for  this  parpose,  na  will  pres- 
ently be  shown.  In  Pompey's  third  oonsnlship  (52  b.  c),  heintrodaoed 
the  cnstom  of  apportioning  the  time  of  orators  in  the  courts  by  the 
cle[i»vdra,  after  the  Greek  fashion.  The  decline  of  Roman  oratory  has 
been  attriliuted  to  this  reetriotion,  which,  after  all,  seems  to  have  left 
the  speaker  a  fair  amount  of  time.-  Pliny  says:  "I  spoke  for  almost 
five  honrs,  for  to  the  twelve  clepsydne  of  the  largest  siee  which  I  re- 
ceived, four  were  added."  Some  read  twenty  in  place  of  twelve,  which 
Bcems  to  be  the  prefi^rable  reading,  and  oat  of  it  wff^t  some  idea  of 
the  time  consumed  by  one  discharge  of  the  vessel.  If  tweniy-foni 
elepsydras  is  "  almost  five  hours,"  it  appears  likely  that  the  discharge 
was  itt  the  rate  of  five  to  tlie  hour ;  and  this  helps  ns  to  better  nnder^ 
stand  Martini's  epigram  to  a  tedious  lawyer  who  had  been  permitted  to 
exhauHt  the  clepsydra  seven  times.  It  makes  something  less  than  an 
hour  and  a  half;  but  the  orator's  mouth  was  as  dry  as  his  disoourse, 
and  he  drank  copiously,  whereupon  the  witty  poet  suggests  that  he  can 
satisfy  his  thirst  and  his  aadienoe  at  once  by  drinking  oot  of  the 
clepsydra. 

In  Kome  at  this  period  the  use  of  the  clepsydra,  in  the  form  both  of  a 
timecbeck  and  time-keeper,  was  quite  general, — not  as  the  honse  clock 
in  common  today — but  generally  known,  and  serving  to  regulate  the 
hours  of  business  and  pleasure.  Men  of  means  had  them  in  their  houses, 
Hud  slaves  were  kept  whose  sitecial  duties  frere  to  watch  them  and  re- 
port the  hour.  Idlers  meeting  in  the  market-place  or  foram  accosted 
each  other  with  "  llora  quota  est,"  by  way  of  opening  conversation,  as 
they  now  comment  on  the  weatheror  compare  watches.  Generals  took 
the  water-clock  with  them  to  the  field  and  relieved  the  watofa  by  it  dur- 
ing the  hours  of  night.  An  allusion  by  Cmsar  hasbeeu  the  source  of  a 
curious  misconception,  that  he  found  th;s  instrument  in  use  among  the 
Britons  at  the  time  of  bis  invasion.  Evidently  referring  to  the  phenom- 
enon now  so  familiar  of  the  Arctic  night  he  says  some  had  reported  that 
atMona  the  night  at  the  winter  solstice  lasted  for  a  month.  "Our  in- 
quiries," be  continues,  "  did  not  confinn  this,  but  by  careful  ineasnre- 
inents  ex  aqua  we  saw  that  the  nights  were  shorter  than  ou  the  conti- 
nent." To  draw  from  this  the  conclusion  that  the  early  Britons  had 
water-clocks  Is  about  as  if  we  were  to  infer  from  the  Signal  Service 
observations  at  Point  Barrow  that  the  Eskimos  of  that  region  were 
found  in  possesion  of  the  thermometer. 

Greece  too  had  by  this  time  fallen  under  Koman  rule,  and  the  clep- 
sydra as  a  time-keeper  was  welt  known  in  Athena.    The  moBtemineDt 
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invtaoceof  it  prolmbly  for  atl  time,  was  in  tho  Tower  of  tli«  Windfi, 
whicb,  fifty  years  before  our  era,  wasereutediD  the  market-place  in  tbat 
city.  A  rauDing  ntream  kept  at  a  constant  level  tbe  water  in  au  upper 
reeeel,  tbe  discharge  from  which  raised  a  float  in  a  lower  one.  like  that 
ID  the  Chinese  water-clock  before  described.  This  wa«  tbe  public  time- 
piece of  Athens,  and  its  iftdications  could  alwHys  be  compared  with 
those  of  the  sun-dials  on  the  frieze  of  the  octagonal  building  by  which 
it  was  inclosed.  At  the  top  of  the  roof  was  a  weather- rane  in  the  form 
of  aTriton,  wbo pointed  with  his  trident  towards  the  prevailing  wind. 
Tbia  institation  served  for  Athens  the  combined  purpose  of  a  naval 
obser\'atOTy  and  a  weather  burean. 

With  time-keeping  so  generally  observecl,  and  with  a  fair  degree  of 
accuracy  Recnreil  by  means  of  mechanical  contrivances,  this  history 
closes,  bnt  in  reciting  it  I  have  omitted  or  only  incidentally  touched 
vpon  the  growth  of  the  idea  of  dividing  the  day  into  hours  and  tbe  me- 
chanical elaboration  of  what — In  its  perfiected  form — is  properly  termed 
the  water-clock.  These  elements,  in  the  complete  history,  are  too  im- 
portant to  be  omitted. 

Since  we  are  onlj'  concerning  ourselves  with  time-keeping  in  common 
life,  we  need  not  go  back  to  Bgypt  or  Babylon,  where  there  is  no  evi- 
dence tbat  it  was  known  except  to  tbe  initialed  few.  Whatever  ideas 
am  conveyed  to  us  by  the  twelve  divisions  of  the  day  known  to  the 
Babylonians,  or  by  the  graduated  dial  set  up  by  the  Hebrew  king  in  his 
palace,  it  is  evident  tbat  if  tbe  Greek  philosophers  derived  from  their 
Eastern  oontemporariea  any  notions  of  common  or  domestic  time-keep- 
iog,  these  failed  to  take  root  in  their  soil  until  Greece,  by  herown  pro- 
gress, bad  prepared  it  to  receive  them. 

The  divisions  of  the  day  known  to  Homer  were  three:  ^<u?,  for  the 
period  from  sunrise  till  noon;  iiia'n  ^pap,  for  mid-day ;  nnd  SiiiTj,  for 
afternoon  till  sunset.  These  divisions  were  employed  in  Greece  to  tbe 
latest  period  and  long  after  others  more  exact  were  in  use.  Even  with 
our  nice  observance  of  time  we  have  similar  general  expressions  for 
parts  of  the  day,  such  as  morning,  mid-day,  afternoon,  and  many  others 
often  having  only  local  use. 

If  tbe  Babylonian  "  twelve  parts  "  of  the  day  were  made  known  to 
the  Greeks,  as  Herodotus  tells  us,  it  was  a  knowledge  for  whicb  they 
had  no  ase  at  that  period.  With  the  introduction  of  the  gnomon  they 
began  to  observe  time  more  closely,  but  tbey  had  no  names  for  it^  arbi- 
trary divisions. 

When  the  shadow  was  6  feet  long  it  was  time  to  bathe ;  when  twice 
that  length  it  was  time  to  snp.  It  is  not  even  certain,  to  my  mind,  that 
Uiey  olearly  appreciated  tbe  varying  length  of  the  day.  There  is  no 
possibility  of  setting  a  summer  and  winter  day  side  by  side  and  com- 
paring them,  and  the  difference  between  tbem  can  only  be  determined 
by  some  means  of  measaring  time  qnite  distinct  from  observation  of 
the  sun  or  shadows.    The  great  difference  between  the  days  of  winter 


394  TIHE-KEEPINQ   IN   GREBOB  AND   BOHE. 

and  snminer  in  our  latitude,  wbicb  is  uearly  tliat  of  Athens,  seems  to 
as  to  bo  plaiulydisotirDable;  but  if  we  could  divest  oarselves  of  onr  ac- 
quired kuowtedge  and  of  ourmeausfor  keeping  time,  and  put  ourselves 
in  the  place  of  the  Greek  of  600  b.  o.,  ve  slionld  probably  fail  to  ob- 
serve the  fact  except  very  dimly. 

Accurate  division  begins  with  the  observation  of  noon,  and  we  have 
seeu  pretty  clearly  when  this  began  in  Greece.  The  next  step  in  sab- 
division  consists  iu  dividing  the  day  into  quarters  by  dividing  equally 
the  periods  before  and  after  noon.  This  division  was  at  least  known  to 
the  Greeks,  but  I  see  no  evidence  that  it  was  in  common  use ;  nor  in 
f»ct  does  it  appear  that  they  in  daily  life  made  use  of  close  sub-diviBioas, 
until  Homau  iufluencea  prevailed  and  the  Boman  divisions  of  the  day 
were  adopted. 

In  Borne  the  division  of  both  the  day  and  night  into  four  watches  re- 
sulted naturally  from  the  military  character  of  her  people  add  reinaioed 
in  use  down  to  the  latest  period.  These  divisions  of  the  day  corre- 
sponded with  what  were  afterwards  the  third,  six,  and  ninth  hours,  and 
it  was  customai^  for  one  of  the  subordinate  ofBcers  of  tbe  prtetor  to 
proclaim  them.  They  had  also  a  three-part  division  corresponding  to 
that  of  the  Greeks. 

Artificial  means  of  measuring  time  came  to  tbe  Romans  so  macb  later 
than  to  tbe  Greeks  that  great  improvements  had  .been  wrought  iu  them. 
Science  had  gone  so  far  in  Bgypt  and  Sicily  that  suu-diaU  were  con. 
structed  for  particularjatitudes ;  but  it  is  not  clear  that,  as  at  first  in- 
troduced, they  were  graduated.  The  same  subdivision  of  the  day  into 
four  watches  that  has  just  been  noticed  might  obviously  give  the  first 
suggestion  of  such  graduation  by  bisecting  the  angle  between  the  noon- 
mark  and  those  of  sunrise  and  sunset.  As  a  closer  sub-divisioa  was  re- 
quired the  Romans  appear  to  have  taken  one  already  knowu  in  Egypt 
and  better  adapted  to  tbe  latitude  of  Thebes'  and  &f  empbis  than  to  that 
of  Italy.  This  was  the  division  of  tbe  day  and  night  into  twelfths 
(which  varied  in  their  leugth  as  the  seasons  changed)  and  is  commonly 
known  as  the  liomau  system.  Beforeintimate  relations  began  between 
Borne  and  Egypt,  Greece  bad  already  been  annexed  and  the  same  sys- 
tem was  introduced  there,  as  also  in  Palestine,  and  wherever  the  Boman 
eagles  penetrated.  This  division  adapted  itself  perfectly  to  the  oldw 
one  already  in  use  in  Rome  audits  adoption  was  natural.  The  only 
change  iu  the  sun-dial  that  it  involved  was  a  further  sub-division  of  the 
spacing.  Being  an  improvement  that  cost  nothing  and  could  be 
adopted  withoutany  radical  changes  in  the  habits  of  daily  life,  it  was 
one  to  commend  itself  to  the  people,  who  were  slow  to  change;  and  when 
a  few  years  later,  iu  the  middle  of  the  second  century  B.  o.,  Hippar- 
chus  proposed  the  division  iuto  equiuoetial  hours,  the  same  ai  used 
now,  tbe  proposition  met  no  welcome.  Tliis  accurate  and  convenient 
system  did  not  adapt  itself  to  the  established  notions  of  the  times,  and 
the  Roman  hours  secured  a  firmer  and  -firmer  grip,  resulting,  as  I  am 
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inclined  to  believe,  in  one  of  the  most  remarkable  iiistauces  of  retarda- 
tion of  invention  that'bistory  records.  It  wa»  uot  nntil  Europe  had 
einancipat«d  herself  from  slavery  to  this  most  awkward  of  time  syBtems 
that  motlern  time-keeping  became  possible.  For  many  ceutnries  io- 
vention  was  as  it  were  tbrown  off  the  scent  by  the  necessity  of  con- 
verting the  regalar  and  uniform  motions  which  conid  be  given  to 
mechanism  into  means  for  displaying  tbe  ever-varying  hours  of  the  Bo- 
rn an  system. 

The  word  "hora,"  proposed  by  Hipparchnstoexpress  these  divisions 
of  the  day,  was  adopted  iu  its  new  sense  by  Greeks  and  Bomans  simul- 
taueoasly  and  has  ever  since  held  its  place  in  all  tbe  languages  of 
Europe.  In  fact  it  was  used  in  two  senses ;  in  its  Hignidoance  of  the  va- 
rying Roman  hour  it  could  not  be  employed  to  define  exact  intervals  of 
time;  when  employed  for  that  purpose  itexpressed  exactly  what  we  ex- 
press by  it  now, — the  tweuty*fourth  part  of  a  civil  day.  The  passage  in 
Pliny  I  have  quoted  is  uot  intelligible  unless  tbe  word  "  hour"  is  em- 
|)Ioyed  in  tbis  sense. 

Enough  was  said  iu  the  early  part  of  this  paper  to  show  tbe  line  in 
which  tbe  clepsydra  developed,  tbe  water-clock  at  Oantou  and  that  in 
the  Tower  of  the  Winds  at  Athens  being  examples  of  it  iu  a  fairly  per- 
fected state  as  a  time-keeper.  Inventiou  had  succeeded  io  giving  to  the 
riHlog  iminter  a  regnlar  motion,  and  adapting  it  well  to  its  purpose. 
Other  advances  were  made  in  it,  and  of  these  it  remains  to  speak. 
Improvement,  handicapped  by  tbe  clnmay  Bomau  hours,  found  in  this 
fact  a  stimulus  to  ingenuity.  To  adapt  it  to  indicate  these  hours  one 
nide  scheme  was  to  reduce  the  capacity  of  the  vessel  from  which  the 
water  flowed  by  coating  it  with  wax  iu  the  winter  time.  Tbe  orifice  . 
remaining  unchanged  it  emptied  more  quickly.  The  wax  was  gradually 
removed  as  tbe  days  lengthened.  Of  coarse  the  same  instrument 
conli)  not  serve  for  both  day  and  bight.  Less  clumsy  means  for  regu- 
lating the  flow,  as  by  adjusting  the  size  of  the  orifice,  were  afterwards 
invented.  Oue  of  these  involved  tbe  passage  of  tbe  water  through  a 
hollow  cone  or  funnel,  in  which  was  an  interior  coue  capable  of  adjust- 
ment for  each  day  iu  the  year ;  another,  invented  by  Ctesibius,  left  tbe 
water-flow,  and  consequently  tbe  rise  and  fall  of  tbe  float — constant, 
bnt  included  an  automatic  device  by  which  the  graduated  scale  over 
which  the  marker  travelled  was  changed  daily. 

Ibis  difficulty  iu  adapting  the  clepsydra  to  keep  Boman  time  is  pre- 
^sely  tbe  same  that  the  early  Dutch  navigators  met  with  on  their  in- 
troduction of  the  clock  into  Japan,  where  the  division  of  tbe  day  is 
into  ten  hours  of  varying  length.  The  plan  they  adopted  is  a  clumsy 
ooe,  bnt  of  the  same  character  as  that  of  Otesibius,  since  they  did  not 
attempt  to  alter  the  rate  of  tbe  clock,  but  attached  movable  indications 
to  the  dial  so  that  tbey  might  be  changed  with  the  season.  One  of 
these  clocks  is  in  tbe  possession  of  the  Bureauof  Education,  a  gift  from 
tbe  Japanese  Oovernment  after  the  Oeuteunial  Exposition  of  1876. , 
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But  improvementa  in  the  clepsydra  aucb  as  have  been  described,  not- 
withstanding the  iugennity  and  mecbaoical  skill  they  displayed,  are  of 
little  oouseqneDce  to  as,  since  they  were  not  towards  the  acoompUsh- 
ment  of  the  flnnl  result  but  away  &om  it.  The  actual  steps  towards 
the  modem  clock  appear  to  be  these :  First,  tbe  employment  of  the  or- 
dinary rack  and  pinion  device.  If  we  are  right  in  attributing  the  ia- 
vention  of  gear-wheels  to  Archimedes,  this  application  oonld  not  have 
been  made  earlier  than  tbe  middle  of  the  third  century  B.  c.  (287  to 
212).  It  18  attributed  to  Ctesibias,  who,  for  many  reasons  as  I  have 
said  already,  is  placed  a  century  later  than  this.  A  series  of  teeth, 
commonly  called  a  rack,  was  attached  to  the  side  of  the  rod,  which  was 
supported  by  the  float,  and  had  heretofore  served  only  as  an  index. 
Fixed  on  a  horizontal  shaft  above  the  vessel  was  a  small  toothed  wheel, 
with  which  the  toothed  rack  engaged,  and  which  was,  therefore,  caosed 
to  tarn  by  tbe  rise  of  the  fioat.  Un  this  shaft  wa»a  pointer  attached 
like  the  hour-hand  ofaclock  and  travelling  over  a  similar  dial.  To  make 
this  hand  complete  a  circuit  in  twelve  or  twenty^foar  honrs,  is  obviously 
only  a  question  of  the  proportion  of  parts.  The  next  step  forward  dis- 
I>ensed  with  the  rack  and  pinion,  and  really  was  in  tbe  line  of  greater 
simplicity.  In  place  of  the  toothed  wheel  a  grooved  pally  was  ased, 
over  wbiob  passed  a  cord  from  tlie  float,  being  kept  tight  by  a  weight 
at  tbe  other  end.  The  hand  remained  on  the  wheel  shaft  as  before,  and 
with  tbe  gradual  rise  of  tbe  float,  traversed  the  dial. 

We  have  reached  the  point  where  we  may  say  '*pre*to,  ekoKge,"  and 
behold,  a  clock  springs  into  view,  for  it  is  instantly  apparent  that  with 
this  structure  it  i»  no  longer  tbe  water  that  advances  the  hand ;  water 
is  not  the  motor  now.  The  weight  is  tbe  motor,  and  its  fall  is  retarded 
by  tbe  float,  which  only  permits  its  descent  as  fast  as  the  rise  of  water 
in  the  vessel  permits  its  own  rise.  We  have  an  actual  weight  clock, 
with  what  we  must  be  content  to  regard  as  a  water  escapement;  it  is 
far  enough  from  our  perfected  time-piece,  but  in  respect  to  its  essential 
elements  it  differs  in  but  one,  and  henceforth  the  problem  of  tbe  clock 
is  only  that  of  escapements.  But  we  need  not  expect  it  to  be  solved  at 
once.  It  will  lie  centuries  before  theaotua)  problem  will  be  recognized, 
so  great  is  the  obscnrity  with  which  tbe  Bomftu  time  system  has  be- 
clouded the  subject. 

There  is  a  long  and  mournful  perspective  before  as.  The  golden  age 
of  Romanliterature  is  here,  but  she  has  yet  to  see  the  greatest  extent 
of  her  empire  and  tbesnmmit  of  her  own  magnificence.  Along  line  of 
Cicsars  will  come,  base  and  noble  alternating.  Her  decline  will  follow 
her  glory ;  her  palaces  are  to  bo  pinndered  by  barbarous  northern  in- 
vwiera;  her  empire  is  to  be  shattered;  oat  of  her  vast  domain  new 
l>eoples  and  nations  and  empires  scarcely  less  mighty  than  her  own  are 
to  spring,  while  she  herself  sinks  to  the  paltry  dimensions  of  a  village. 
Her  polished  speech  shall  die  from  men's  lips,  but  the  rode  dialects  of 
her  provinces,  mingling  with  tbe  ancoath  tongues  of  illiterate  Franks 
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and  Goths,  shall  develop  ioto  new  languages,  iq  time  to  hccome  as  per- 
fect vebicles  of  thought  as  their  original.  New  forms  of  governiueutand 
of  social  order  shall  spring  &om  her  laws  and  institolious  and  pliiloso- 
pliics;  and  from  the  hills  of  oredtUoas  and  despised  Judea  is  to  burst 
a  Dew  religion,  before  whose  bright  beams  the  perpetual  fires  of  Yesta 
shall  pale  and  the  whole  train  of  Olympian  gods  vanish  like  the  mist. 
ButamoDgst  these  ancouceived  changes,  and  throngh  the  storms  tbnt 
shall  sweep  awa; — and  the  cataclysms  that  shall  eu gulf— all  the  objects 
of  her  pride  and  glory  and  reverence,  there  shall  still  endure  what  she 
cared  least  for  (constant  in  all  their  inconstancy),  the  Goman  hours. 

The  problem  of  improving  the  time-keeper  is  one  with  which  cloistered 
scholars  and  mechanicians  will  not  cease  to  contend,  but  the  barrier 
tJiat  Bome  has  set  up  will  continue  to  baffle  their  ingenuity ;  and  when 
thirteen  centaries  shall  have  passed  since  HipparcLus  in  vain  urged  the 
adyantages  of  the  equiuoctial  system  and  Gtesibiua  strove  to  solve  the 
riddle  of  Boman  time  by  some  practical  mechanism,  we  shall  still  find 
Bernardo  ^ona«&u« recording  how  the  monks  of  Cluny  perplexed  their 
piouB  souls  with  the  old,  old  question,  and  how  the  good  sacristan  must 
needs  to  go  oat  into  the  night  to  learu — from  the  stars — if  it  were  time 
to  call  the  brethren  to  prayer. 
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BOTANICAL  BIOLOGY.* 


By  W.  T.  Thisblton-Dyer,  F.  E.  S. 


It  is  Dot  BO  very  long  ago,  that  at  Euglisb  nniversitaefi,  at  loast^  the 
pDTsait  of  botany  was  regarded  rather  as  aa  elegant  accomplishment 
thau  38  a  seriooB  occnpatioD.  This  is  the  more  remarkable,  because  at 
every  critical  point  in  the  history  of  botanical  svieDce,  the  names  of  oar 
OQDDtryraen  irill  bo  fonnd  to  occnpy  an  honorable  place  in  tbe  field 
of  progress  and  discovery.  In  the  seventeenth  century,  Hooke  and 
Grew  laid  the  foondation  of  the  cell-theory,  while  Millingtoo,  by  dis- 
covering the  function  of  stameus,  completed  the  theory  of  tbe  flower. 
Id  the  following  century,  Morison  first  raised  ferns  from  spores,  Lind- 
say detected  the  fern  prothallns,  Ray  laid  the  foundations  of  a  natural 
classiflcation,  Hales  discovered  root-prwieore,  and  Priestley  the  absorp- 
tion of  carbon  dioxide  and  tbe  evolution  of  oxygen  by  plants.  In  the 
early  part  of  the  present  one,  we  have  Enight'a  discovery  of  the  true 
cause  of  geotropism,  Oanbeny's  of  the  effect  upon  the  processes  of  plant- 
life  of  rays  of  light  of  difTerent  refrangibility,  and  dually,  tbe  first  de- 
scription of  the  cell-nucleus  by  B.  Brown.  I  need  not  attempt  to  carry 
the  list  through  the  last  half  century.  I  have  singled  out  these  discov- 
eries as  striking  landmarks,  tbe  starting-points  of  important  develop- 
ments of  the  subject  It  is  enough  for  my  purpose  to  show  that  wo 
have  always  had  an  important  school  of  botany  in  England,  which  has 
oontribut«d  at  least  it«  share  to  the  general  development  of  the  science. 

I  think  at  the  moment  however,  we  hare  little  cause  for  anxiety. 
The  academic  chairs  tbroughont  the  three  kingdoms  are  filled  for  the 
most  part  with  young,  enthusiastic,  and  well-trained  men.  Botany  is 
everywhere  conceded  its  due  jwsition  as  the  twin  branch  with  zoology — 
of  biological  science.  We  owe  to  the  enlightened  administration  of 
the  Oxford  University  Press  the  possession  of  a  journal  which  allows 
of  the  prompt  and  adequate  publication  of  tbe  results  of  laboratory 
research.  The  excellent  work  which  is  being  done  in  every  part  of  tbe 
botanical  field  hasreceivM  the  warm  sympathy  of  our  colleagues  abroad. 
I  need  only  recall  to  your  recollection,  as  a  striking  evidence  of  this, 

*  PmidentiBl  address  before  the  Biological  SectioD  of  the  British  Aasocikliou,  A.  S., 
M  B»th,  8epl«ml>or,  IftjS.     (fiqiwi  0/  lite  BritUh  Jnodation,  vol.  LViu,  pp.  686-701). 
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the  remarkable  gatbering  of  foreign  botaoiBts  which  vill  ever  make  the 
meeting  of  this  assooiatiou  at  Maticbeater  a  memorable  eveut  to  atl  of 
na.  Tbe  reflection  rises  sadi  j  to  the  miod  that  it  can  never  be  repeated. 
Not  many  montha,  as  yoa  know,  had  passed  before  tbe  two  most  prom- 
inent figures  in  that  happy  assemblage  bad  been  removed  ftoia  ns  by 
the  inexorable  hand  of  deatii. 

In  Asa  Gray  we  miss  a  fignre  whieh  we  conld  never  admit  belonged 
wholly  to  the  other  Bide  of  the  Atlantic.  In  technical  botany  we  recog- 
nized him  as  altogether  in  harmony  with  the  methods  of  work  and 
standard  of  excellence  of  our  own  most  distinguished  taxonomists.  Bnt 
apart  from  this,  be  had  tbe  power  of  grasping  large  and  far-reaching 
ideas,'  which  1  do  not  doubt  would  have  brought  bim  distinction  in 
any  branch  of  science.  We  owe  to  him  the  classical  discussion  of  the 
facts  of  plant  distribution  in  the  northern  liemisphere,  which  is  one  of 
the  comer-stones  of  modern  geographical  botany.  He  was  one  of  the 
earliest  of  distinguished  naturalists  who  gave  his  adhesion  to  tbe  theory 
of  Mr.  Darwin.  A  man  of  simple  and  sincere  piety,  tbe  doctrine  of  de- 
scent never  presented  any  ditBculty  to  him.  He  will  remain  in  our 
memories  as  a  figure  endowed  with  a  sweetness  am)  elevation  of  char- 
acter which  may  be  compared  even  with  that  of  Mr.  Darwin  himself. 

In  De  Bary  we  seem  to  have  suffered  no  less  a  personal  loss  than  in 
the  case  of  Gray.  Though,  before  last  year,  I  do  not  know  that  be  had 
ever  been  in  England,  so  many  of  our  botanists  had  worked  nnder  bim 
that  his  influence  was  widely  felt  amongst  ns.  And  it  may  be  said  that 
this  was  almost  equally  so  in  every  part  of  the  civilized  world.  His  po- 
sition as  a  teacher  was  in  this  respect  probably  unique,  and  tbe  tradi- 
tions of  his  methods  of  work  must  permanently  affect  the  progress  of 
botany,  and  indeed  have  an  even  wider  effect.  ■  This  is  not  the  occasion 
to  dwell  on  each  of  his  scientific  achievements.  It  is  sufficient  to  say 
that  we  owe  to  him  the  foundations  of  a  rational  vegetable  pathology. 
He  first  gras|>cd  the  true  conditions  of  parasitism  in  plants,  and  not 
content  with  working  out  tbe  complex  phases  of  the  life  history  of  the 
invading  orgauism,  he  never  lost  sight  of  the  conditions  which  permit- 
ted or  inhibited  its  invasion.  He  treated  tbe  problem,  whether  on  the 
side  of  the  host  or  of  tbe  parisite,  as  a  whole — as  a  biological  problem 
in  fact,  in  the  widest  sense.  It  is  this  thorough  grasp  of  the  conditions 
of  tbe  problem  that  gives  such  a  peculiar  value  to  bis  last  published 
booh,  the  "  Lecturer  on  Bacteria,"  an  admirable  translation  of  which  we 
owe  to  Professor  Balfour.  To  this  I  shall  have  again  to  refer.  I  tnust 
content  myself  with  saying  now,  that  in  this  and  all  his  work  there  is  that 
note  of  highest  excellence  which  consists  in  lifting  detail  to  the  level  of 
the  widest  generality.  To  a  weak  man  this  is  a  pitfall,  in  which  a  firm 
grasp  of  fact  is  lost  in  rash  speculation.  But  when,  as  in  De  Bar^'^s 
case,  a  true  scientific  insight  is  inspired  by  something  akin  to  genius, 
tbe  most  I'rnitful  conceptions  are  the  result.  Yet  De  Bary  never  sacri- 
ficed exactness  to  brilliancy,  and  to  the  inflexible  love  of  truth  whicli 
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perviided  both  tais  work  and  bin  peraonal  interoonrse  we  may  trace  the 
secret  of  the  extraonlinary  ioflaeooe  wbich  be  exerted  over  bis  pupils. 
As  tbe  bead  of  one  of  the  great  national  establishments  of  the  country 
devoted  to  thecultivation  of  systematic  botany,  I  need  hardly  apologize 
for  devoting  a  few  words  to  tbe  preseut  position  of  that  branch  of  the 
science.  Of  its  fandamental  importance  I  hare  myself  no  manner  of 
doQbL  But  as  my  judgment  may  seem  in  such  a  matter  not  wholly  free 
IVom  bias,  I  may  fortify  myself  with  au  opioion  which  can  hardly  be 
minimized  in  that  way.  The  distinguished  chemist  Prof.  Lothar  Meyer, 
perhaps  the  most  brilliant  worker  in  the  field  of  theoretical  chemistry, 
fiods  himself^  like  the  systematic  botanist,  obliged  to  defend  tbe  posi- 
tion of  descriptive  science.  And  he  draws  bis  stroogest  argumentfrom 
biology.  "  Tbe  physiology  of  plants  and  animals,"  he  tells  as,  *'  requires 
Bystematic  botany  and  zoology,  together  with  the  anatomy  of  tbe  two 
biogdoms;  each  specnlative  science  requires  a  rich  aud  well-ordered 
material,  if  it  is  uot  to  lose  itself  in  empty  and  fruitless  fantasies."  Ko 
oDe  of  course  supposes  that  the  accamulatiou  of  plant  specimens  in 
herbaria  is  the  mere  outcome  of  a  passion  for  accnmnlating.  But  to  do 
good  systematic  work  requires  high  qnalities  of  exactitude,  patience, 
and  judgment.  As  I  attempted  to  show  on  another  occasion,  the  world 
ia  hardly  sensible  of  tbe  influence  which  tbe  study  of  the  subject  has 
bad  on  its  affairs.  The  school  of  Jeremy  Bentham  has  left  an  indelible 
mark  ou  tbe  social  and  legislative  progress  of  onr  own  time.  Mills 
tells  us  that  "the  proper  arrangement  of  a  code  of  laws  depends  on 
the  same  scientific  conditions  as  the  classifications  in  natural  history; 
DOT  could  there,"  be  adds,  "  be  a  better  preparatory  discipline  for  that 
important  function  than  the  principles  of  a  natural  arrangement,  not 
ouly  in  tbe  abstract,  but  in  their  actual  application  to  tbe  class  of  pbe- 
Domena  for  wbicb  tliey  were  first  elaborated,  and  which  are  still  tbe 
best  school  for  learning  their  ose."  He  further  tells  us  that  of  this, 
Jeremy  Bentham  was  perfectly  aware,  and  that  his  "  Fragment  on  Got- 
enunent"  contains  clear  and  jnst  views  on  the  meaning  of  a  natural  ar- 
rangement which  reflect  directly  the  influence  of  Linnieus  and  Jussieu. 
Hill  himself  possessed  a  competent  knowledge  of  systematic  botany, 
and  therefore  was  well  able  to  judge  of  its  intellectual  value.  For  my 
part,  I  do  not  doubt  that  precisely  the  same  qualifications  of  mind  which 
nade  Jeremy  Bentham  agreat  jnriat,  enabled  his  nephew  to  attain  the 
emineiice  he  reached  as  a  botanist  As  a  mere  matter  of  mental  gym- 
oastic,  taxonomic  science  will  bold  is  o.wn  with  any  pnrsnit.  And  of 
coDise  what  I  say  of  botany  is  no  less  true  of  other  branches  of  natural 
history,  Mr.  Darwin,  devoted  eight  or  nine  years  to  the  systematic 
■tody  of  the  Cirripedia.  "  No  one,*^  be  himself  tells  us,  "  has  a  right  to 
examine  tbequestionof  species  who  has  uot  minutely  described  many.". 
And  Mr.  Hnxley  has  pointed  out,  in  tbe  admirable  memoir  of  Mr.  Dar- 
vin  which  he  has  prepared  for  the  Royal  Society,  that  "the  Hcqnire- 
nent  of  an  intimate  and  practical  knowledge  of  the  process  of  specie?- 
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making"  -  •  •  was  "of  no  less  importance  to  the  anthorof  the 
'Origin  of  Species'  than  was  the  bearing  of  the  Girripede  work  npon 
the  principles  of  a  oataral  clasBificatioa." 

At  present  the  ontlook  for  systematic  botany  is  somewhat  discoarag- 
ing.  France,  Qermauy,  and  Austria,  no  longer  possess  anything  like  a 
school  on  the  subject,  though  they  still  supply  able  and  distingutsbed 
workers.  That  these  tire  however  few,  may  be  jndged  from  the  fact 
that  it  is  difficalt  to  fill  the  plac«  of  the  lamented  Eichler  in  the  direc- 
tion of  the  botanic  garden  and  herbarium  at  Berlin.  Ontaide  onr  own 
country,  Switzerland  is  the  most  imporiAUt  scat  of  genentl  systematic 
study,  to  which  three  generations  of  De  CandoUes  have  devot«d  them- 
selves. The  most  active  centers  of  work  at  the  moment  are,  however, 
to  be  found  in  our  own  country,  in  the  United  States,  iind  in  Russia. 
And  the  reason  is  in  each  case  no  doubt  the  same.  The  enornioas  area 
of  the  earth's  surface  over  which  each  country  holds  sway  brings  to 
them  a  vast  amount  of  material  which  peremptorily  deinauds  discus- 
sion. 

I4'o  country  however  affords  such  admirable  facilities  for  work  in 
sytematic  botany  as  are  now  to  be  found  iu  London.  The  Linneau  So- 
ciety possesses  the  herbarium  of  Linnteus ;  the  Botanical  Department 
of  the  British  Museum  ii  rich  in  the  collections  cf  the  older  botanisia ; 
while  at  Kew  we  have  a  constantly-increasing  assemblage  of  materiiU, 
either  the  results  of  travel  and  expeditious,  or  the  contributions  of  cor- 
resimndeuta  in  different  parta  of  the  Empire.  A  very  large  proportion 
of  this  has  been  worked  up.  But  I  am  painfully  impressed  with  the 
fact  that  the  total  of  onr  available  workers  bears  but  a  small  proportion 
to  the  labor  ready  to  their  hands. 

This  is  tbe  more  a  matter  of  concern,  because  for  the  few  official  posts 
which  are  open  to  botanists  at  home  or  abroad,  a  practical  knowledge  of 
systeiniuic  botany  is  really  indispensable.    For  suitable  candidates  for 
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these,  one  naturally  looks  to  the  nniversit 
to  say,  iu  great  measure  one  looks  in  vain 
great  impnlee  to  what  is  undoubtedly  an  ii 
sci^-'UtiSc  work  if  fellowships  could  occasio 
showed  some  sptitude  for  it.  But  these  should  not  be  mere  prizes  for 
under-graduato  study,  bnt  should  exact  some  guaranty  that  daring  the 
tenure  of  tbe  fellowship  the  holder  would  seriously  devote  himself  to 
some  definite  piece  of  work.  At  present,  undoubtedly,  the  younger 
generation  of  botanists  show  a  disposition  to  turn  aside  to  those  fields 
in  which  more  brilliant  and  more  immediate  results  can  be  attained. 
Their  neglect  of  systematic  botany  brings  to  some  extent  ite  own  Ne- 
mesis. A  first  principle  of  systematic  botany  is  that  a  name  should  de- 
note a  definite  and  ascertainable  species  of  plant.  But  in  physiological 
literature  yon  will  find  that  the  importance  of  this  is  often  overlooked. 
Names  are  employed  which  are  either  not  to  be  found  in  tbe  books,  or 
they  are  altogether  mis-applied.  But  if  proper  precautions  are  taken  to 
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ascertain  the  accurate  botanical  name  of  a  plant,  no  botanist,  thronghout 
the  civilized  world  is  at  a  loss  to  identify  it. 

Bnt  precision  in  nomenclatnre  ia  only  the  tieceasary  apparatus  of  the 
sabject.  The  data  of  eyatematic  botany,  when  properly  discussed,  lend 
(hemselTes  to  very  importaDt  generatizations.  Perhaps  those  which 
are  yielded  by  the  stndy  of  geographical  distribntion  are  of  the  moat 
general  intereat.  The  mantle  of  vegetation  which  covers  the  snrface  of 
the  earth,  if  only  we  coold  rightly  nnravel  its  texture,  woald  tell  ns  a 
good  deal  aboat  geological  history.  The  atndy  of  geographical  diatri- 
bntion,  properly  handletl,  affords  an  iodependent  line  of  attack  upon  the 
problem  of  the  past  distribution  of  land  and  sea.  It  would  probably 
aerer  afford  sufficient  data  for  a  complete  independent  solution  of  the 
problem;  bnt  it  mnst  always  be  extremely  useful  as  a  check  upon  other 
methods.  Here  however  we  are  embarrassed  by  the  enormous  amount 
offfork  which  has  yet  to  be  accomplished.  And  nnfortniiately  this  is 
Dot  of  a  kind  which  can  be  indefluitely  postponed.  The  old  terrestrial 
order  is  fast  passing  away  before  our  eyes.  Everywhere  the  primitive 
vegetation  is  disappearing  as  more  and  more  of  the  earth's  surface  is 
broQght  into  cultivation,  or  at  any  rate  denuded  of  its  foreste. 

A  good  deal,  however,  has  been  done.  We  owe  to  the  indomitable 
JDdmtry  of  Hr.  Bentham  and  of  Sir  Ferdinand  Mueller  a  comprehen- 
aive  flora  of  Australia,  the  first  large  area  of  the  earth's  surface  of  which 
(be  vegetetion  has  been  completely  worked  out.  Sir  Joseph  Hooker,  in 
lila  retirement,  has  pnshed  on  within  sight  of  completion  the  enormous 
work  of  describing  so  mncb  of  the  vast  Indo-Malayau  flora  as  is  com- 
priited  within  the  British  possessions.  To  the  Dutch  botanists  we  owe 
a  tolerably  complete  account  of  the  Malayan  florii  proper.  But  New 
Oaioea  still  remains  botaoically  a  terra  incognita,  and  till  within  the 
last  year  or  two  the  tlora  of  China  has  been  an  absolute  blank  to  us. 
A  committee  of  the  British  Association)  has,  with  the  aid  of  a  small 
grant  of  money,  taken  in  band  the  task  of  gathering  up  the  scanty 
data  which  are  available  in  herbaria  and  elsewhere.  This  has  stim- 
ulated European  residents  in  China  to  collect  more  material,  and  the 
fine  collections  which  are  now  being  rapidly  poured  in  upon  us,  will — if 
they  do  not  overwhelm  us  by  their  very  magnitude — go  a  long  way  in 
EDppIying  data  for  a  tentative  discussion  of  the  relations  of  the  Chinese 
flora  to  that  of  the  rest  of  Asia.  I  do  not  doubt  that  this  will  in  turn 
explain  a  good  deal  that  is  anomalous  in  the  distribution  of  plants  in 
India,  The  work  of  the  committee  has  been  practically  limited  to  central 
and  eastern  Obtna.  From  the  west,  in  Yannao,  the  French  botanists 
have  received  even  more  surprising  collections,  and  these  supplement 
oar  own  work  in  the  most  fortunate  manner.  I  have  only  to  add,  for 
Ada,  Boissier's  "Flora  Orientalis,"  which  practically  includes  the  Med- 
iterranean basin.  Bnt  I  mast  not  omit  the  invaluable  report  of  Brigade- 
Sargeon  Aitehison  on  the  collections  made  by  him  during  the  Afghan 
delimitation  expedition.    This  has  given  an  important  insight  |iilf4^(t^^> 
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vegetation  of  iv  region  wbich  bad  never  prevjoosl;  been  adequately  ex> 
amined.  Nor  mast  I  forget  the  recent  pablication  of  the  masteiiy  report 
by  Prof.  Bayley  Balfour  ou  the  plants  collected  by  himself  and  Schweio- 
furth  in  Socotra,  an  island  with  which  the  ancient  EgyptianB  traded, 
but  the  singularly  anomalons  flora  of  wbicb  was  almost  wholly  unknown 
np  to  our  time. 

The  flora  of  Africa  has  been  at  present  bat  imperfectly  worked  np, 
but  the  materials  have  been  so  far  discnssed  as  to  aflbnl  a  tolerably 
correct  theory  of  its  relations.  The  harvest  from  Mr.  Johnston's  ex- 
pedition to  Kilimanjaro  was  not  as  rich  as  might  have  been  hoped. 
Still,  it  was  sufficient  to  coDfirm  the  couclnsions  at  wbich  Sir  Joseph 
Hooker  bad  arrived,  on  very  slender  data,  ae  to  the  relations  of  the  high- 
level  vegetation  of  Africa  generally.  The  flora  of  Madagascar  is  i>er- 
liaps,  at  the  moment,  the  most  interesting  problem  which  Africa  pre- 
sents to  the  botanist.  As  the  rich  collections,  for  which  we  are  indebted 
to  Mr.  Baron  and  others,  are  gradually  worked  ont,  it  can  hardly  be 
doubted  that  it  will  be  necessary  to  modify  in  some  respects  the  views 
which  are  generally  received  as  to  the  relation  of  the  island  to  the  African 
continent.  My  colleague,  Mr.  Baker,  commnuicated  to  the  York  meet- 
ing of  the  association  the  results  wbich,  up  to  that  time,  be  had  arrived 
at,  and  these,  subsequent  material  has  not  led  him  to  modify.  The  flora 
as  a  whole  presente  a  large  proportion  of  endemic  genera  and  species, 
pointing  to  isolation  from  a  very  ancient  date.  The  tropical  element,  is 
however  closely  allied  to  that  of  tropical  Africa  and  of  the  Mascarene 
Islands,  and  there  is  a  small  infusion  of  Asiatic  types  wbich  do  not 
extend  to  Africa.  The  high-level  flora,  on  the  other  hand,  exhibits  an 
even  closer  affinity  with  that  temperate  flora,  the  mins  of  which  are 
scattered  over  the  mountainous  regions  of  Central  Africa,  and  wbieli 
survives  in  its  greatest  concentration  at  the  Cape. 

The  American  botanists  at  Harvard  are  still  systematically  carrying 
ou  the  work  of  Torrey  and  Gray  in  the  elaboration  of  the  flora  of  Xortb- 
ern  America.  The  Russians  are,  on  their  part,  continually  adding  to 
our  knowledge  of  the  flora  of  Northern  and  Central  Asia.  The  whole 
flora  of  the  north  temperate  zone  can  only  be  regarded  substantially  as 
one.  The  identity  diminishes  southwards,  and  increases  in  the  case  of 
the  Arctic  and  Alpine  regions.  A  cAllection  of  plants  brought  us  from 
high  levels  iu  Corea,  by  Mr.  James,  might  (as  regards  a  large  propor- 
tion of  the  species)  have  been  gathered  on  one  of  our  own  Scotch  hill& 

We  owe  to  the  muuiflcence  of  two  Englishmen  of  science  the  organ- 
ization of  an  extensive  examination  of  the  flora  and  fauna  of  Central 
America  and  the  publication  of  the  results.  The  work  when  completed 
can  hardly  be  less  exi>en8ive  than  that  of  the  results  of  the  Ckaltenger 
voyage,  which  has  severely  taxed  the  liberality  of  the  English  Govern- 
ment. The  problems  which  geographical  distribution  in  this  region 
presents  will  doubtless  be  found  to  be  of  a  singularly  complicated 
uftture,  and  it  is  impossible  to  overestimate  the  debt  of  gratitude  which 
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biologistfl  of  all  cODotries  must  owe  to  Messrs.  Oodmau  and  Salvtn  wUeo 
Ibeir  Hrduotw  undertaking  is  completed.  I  am  happy  to  say  tbat  the 
botaojuat  portion,  which  has  been  elaborated  at  Kew,  is  all  bnt  finished. 

In  Sonth  America,  I  ninst  content  myself  with  referring  to  the  great 
"Flora  Brasilienais,"  commenced  by  Martins  half  a  century  ago,  and 
still  slowly  progresaiug  nnder  the  editorship  of  Professor  Urban,  at 
Uerlio.  Little  discussion  has  yet  been  attempted  of  the  mass  of  material 
nhieh  is  enshrined  in  the  mighty  array  of  volumes  already  published. 
But  the  travels  of  Mr.  Bait  in  Sonth  America  have  led  him  to  the 
detection  of  some  very  interesting  problems.  The  enormous  pluvial 
denudation  of  the  ancient  portions  of  the  continent  has  led  to  the 
gradoal  blending  of  the  flora  of  diflerent  levels  with  sufficient  slowness 
lo  permit  of  adaptive  changes  in  the  process.  The  tropical  flora  of 
Bnuil  therefore  preseota  an  admixtnre  of  modified  temperate  types 
wiitcli  gives  to  the  whole  a  peculiar  character  not  met  with  to  the  same 
degree  in  the  tropics  of  the  Old  World.  On  the  other  hand,  the  com- 
paratively recent  elevation  of  the  sonthern  portion  of  the  continent 
icconnts  in  Mr.  Ball's  eyes  for  the  singular  poverty  of  its  flora,  which 
we  may  regard  indeed  ae  still  in  progress  of  development. 

The  botany  of  the  Challenger  expedition,  which  was  also  elaborated 
at  Sew,  brought  for  the  first  time  into  one  view  all  the  available  facts 
u  to  the  florae  of  the  older  oceanic  islands.  To  this  was  added  a  dis- 
curaon  of  the  origin  of  the  more  recent  floras  of  the  islands  of  the 
Weatem  Pacific,  based  apon  material  carefully  collected  by  Professor 
MoBeley,  and  supplemented  by  the  notes  and  specimens  accumulated 
•tith  much  judgment  by  Dr.  Gappy.  For  the  first  time  we  were  enabled 
to  get  some  idea  how  a  tropical  island  was  furnished  with  plants,  and 
to  discriminate  the  littoral  element  due  to  the  action  of  oceanic  currents 
froiu  the  interior  forest  almost  wholly  due  to  frugivorous  birds.  The 
recent  examinatioti  of  Christmas  Island  by  the  English  Admiralty  has 
shown  the  process  of  island  flora-making  in  another  stage.  The  plants 
collected  by  Mr.  Lister  prove,  as  might  be  expected,  to  be  closely  allied 
to  those  of  Java.  Bat  the  effect  of  isolation  has  begun  to  tell ;  and  I 
learn  from  my  colleague,  Professor  Oliver,  that  the  plants  from  CUrist- 
ioa«  Island  can  not  be  for  the  most  part  exactly  matched  with  their 
wDgeners  from  Java,  bnt  yet  do  not  differ  sufficiently  to  be  specifically 
distinguished.  We  have  here  therefore  it  appears  to  me,  a  manifest 
ca«e  of  nascent  species. 

The  central  problem  of  systematic  botany  I  have  not  as  yet  tonched 
opou:  this  is  to  perfect  a  natural  classification.  Such  a  classification, 
to  be  perfect,  must  be  the  oltlmate  generalization  of  every  scrap  of 
Itiiowledge  which  we  can  bring  to  bear  upon  the  study  of  plant  affinity. 
In  the  higher  plants,  experience  has  shown  that  we  can  obtain  results 
which  are  sufficiently  accurate  for  the  present,  without  carrying  our 
atnictaral  analysis  very  far.  Yet  even  here,  the  correct  relations  of  the 
QyuDoeperms  would  never  have  been  ascertained  without  patient  andi 
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minute  inicroxcopic  Btudy  of  tbe  reproductive  prooesaes.  U|>od  these, 
iudcetl,  tlic  tH>tTect  clasaiflcatiou  of  the  Vasoular  Gryptogaius  whotly 
depeiids,  and  generally,  as  we  descend  io  the  scale,  external  morphologj' 
becomes  more  aud  more  insecure  as  a  guide,  and  a  thoroogh  knowledge 
of  tbe  miuate  structure  and  life  history  of  each  organism  beoomoB  in- 
dispensable to  anything  like  a  correct  determination  of  its  taxooomic 
position.  The  niarvellons  theory  of  the  true  nature  of  lichens  would 
uever  have  been  ascertained  by  the  ordinary  methods  of  exatnination 
which  were  beld  Ut  be  sufficient  by  lichenotogists. 

The  final  form  of  every  natural  classificatioD — for  I  have  no  doubt 
that  tbe  geueral  principles  I  have  laid  down  are  equally  true  io  the 
field  of  zoology — must  be  to  approximate  to  the  order  of  descent.  For 
the  theory  of  descent  became  an  irresistible  induction  as  soon  as  tbe 
idea  of  a  natural  classification  bad  been  firmly  grasped. 

In  regard  to  flowering  plants  we  owe,  as  I  bave  said,  the  first  step  in 
a  natural  clasBificatiou  to  our  own  great  naturalist,  John  Ray,  who 
divided  tbem  into  Monocotyledons  aud  Dicotyledons.  The  celebrated 
classification  of  Linneeus  was  avowedly  purely  artificial.  It  was  a  tem- 
porary expedient,  the  provisional  character  of  which  do  one  realized 
more  thoroughly  than  himself.  He  in  fact  himself  gave  as  oae  of  the 
earliest  outlines  of  a  truly  natural  system.  Such  a  system  is  based  ou 
affinity,  and  we  know  of  no  other  explanation  of  affiuity  than  that 
which  is  implied  in  the  word, — namely,  common  parentage.  No  one 
finds  any  difficulty  in  admitting  that  where  a  number  of  individual 
organisms  closely  resemble  one  another,  they  most  bave  been  derived 
from  the  same  stock.  I  allow  that  in  cases  where  external  form  is 
widely  ditt'erent,  the  conclusion  to  one  who  is  not  a  naturalist  is  by  no 
means  so  obvious.  But  in  such  cases  it  rests  on  the  profound  aud  cou- 
Btaut  resemblance  of  internal  points  of  structure.  Anyone  who  stadies 
tbe  matter  with  a  perfectly  open  mind  finds  it  impossible  to  draw  a 
line.  If  genetic  relatioaahip  or  heredity  is  admitted  to  be  the  explana- 
tion of  affiuity  in  tbe  most  obvions  case,  the  stages  are  imperceptible 
when  the  evidence  is  fairly  examined,  by  which  the  same  conclusion  is 
seen  to  be  inevitable,  even  in  cases  where  at  tbe  first  glance  it  seems 
least  likely. 

Tbis  leads  me  to  touch  on  the  great  theory  which  we  owe  to  Mr.  Dar- 
wiu.  That  theory,  I  need  hardly  say,  was  not  merely  a  theory  of 
descent.  Tbis  had  suggested  itself  to  naturalists  in  the  way  I  have 
indicated, — long  oefore.  What  Mr.  Darwin  did  was  to  show  bow  by 
perfectly  natural  causes  tbe  separation  of  hvtng  organisms  into  raocs 
which  at  once  resemble  and  yet  differ  from  one  another  so  profoundly, 
came  about.  Heredity  explains  the  resemblance;  Mr.  Darwin's  great 
discovery  was  that  variation  worked  upon  by  natural  selection  ex- 
plained tbe  difference.  That  explanation  seems  to  me  to  gather  strengt-h 
every  day,  and  to  coutiuually  reveal  itself  as  a  more  and  more  efficieut 
solvent  of  the  problems  which  present  themselves  to  tbe  student  of 
D„:,iP<.-jM,CoO<^le 
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natural  history.  At  the  same  time,  I  am  far  from  clflimiug  for  it  the 
aathorily  of  a  scientific  creed  or  even  the  degree  of  certainty  which  ia 
possessed  b;  some  of  the  laws  of  astronomy.  I  only  affirm  that  as  a 
theory  it  has  proved  itself  a  potent  and  invaluable  insCmment  of  re- 
search. It  is  an  immensely  valuable  indDction;  bnt  it  has  oot  yet 
reached  sach  a  position  of  certitade  as  has  been  attained  by  the  law  of 
fravitatiou ;  and  I  have  myself,  in  the  field  of  botany,  felt  bonnd  to 
protest  against  conclnaioas  being  drawn  dednotively  from  it  withont 
bong  sabjected  to  the  test  of  experimental  verification.  This  attitude 
of  mine,  which  I  believe  I  share  with  diost  naturalists,  must  not  how- 
ever be  mistaken  ^r  one  of  doubt.  Of  doubt  as  to  the  validity  of  Mr, 
Darwin's  views  I  have  none:  I  shall  oontiuae  to  have  none  till  I  come 
acro8s  facts  which  suggest  donbt.  But  that  ia  a  different  position  from 
one  of  absolute  certitude. 

It  is  therefore  without  any  diseatistiaction  that  I  observe  that  many 
cmnpeteot  persona  have — while  accepting  Ur.  Darwin's  theory — set 
themselves  to  criticize  various  ports  of  it.  Bat  I  mast  confess  that  I 
am  disposed  to  share  the  opinion  expressed  by  Mr.  Hnzley,  that  these 
criticisma  really  rest  on  a  want  of  a  thorough  comprehension. 

Mr.  Romanes  has  pat  forward  a  view  which  deserves  the  attention 
iloe  to  the  speculations  of  a  man  of  singular  subtlety  and  dialectic  skill. 
He  has  startled  as  with  the  paradox  that  Mr.  Darwin  did  not  after  all, 
put  forth — as  I  conceive  it  was  bis  own  impression  he  did — a  theory 
of  the  origin  of  speciee,  bnt  only  of  adaptations.  And  inasmuch  as  Mr. 
Bomanes  is  of  opinion  that  specific  differences  are  not  even  guierally 
adaptive,  while  those  of  genera  are,  it  follows  that  Hr.  Darwin  only 
really  accounted  for  the  origin  of  the  latter,  while  for  an  explanation  of 
the  former  we  mast  look  to  Mr.  Romanes  himself.  For  my  part  how- 
ever, I  am  altogether  unable  to  accept  the  premises,  and  therefore  fail 
to  reach  the  coftclusion.  Specific  differences,  as  we  find  them  in  plants, 
are  for  the  most  part  indubitably  adaptive,  while  the  distinctive  charac- 
ters of  genera  and  of  higher  groups  are  rarely  so.  Let  anyone  take  the 
nnmerons  species  of  some  well  characterized  English  genus — ^for  exam- 
ple, £aiitm«ulva/  be  will  find  that  one  species  is  distinguished  by  having 
creeping  stems,  one  by  a  tuberous  root,  one  by  floating  leaves,  another 
by  drawn-ont  snbmerged  ones,  and  so  on.  Bnt  each  possesses  those 
common  characters  which  enable  the  botanist  almost  at  a  glance,  not- 
withstanding the  adaptive  disgnise,  to  refer  tbem  to  the  common  genas 
fiaxHttcuIvs.  It  seems  to  me  quite  easy  to  sec,  in  fact,  why  specific 
characters  should  be  usually  adaptive,  and  generic  not  so.  Species  of 
any  brge  genns  mast,  from  the  nature  of  things,  find  themseh'es  ex- 
posed to  any  but  nnifonn  conditions.  Tfaey  mast  acquire  therefore  as 
the  veiy  condition  of  their  existence,  those  adaptive  characters  which 
the  necessities  of  their  life  demand.  Bnt  this  rarely  affects  those  marks 
of  affiDjty  which  still  indicate  their  original  common  origin.  Probably 
these  were  themselves  once  adaptive,  but  they  have  long  tieen  overlaid 
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at  Kew,  owe  to  tbe  biudneso  of  Dr.  Seliweitifurtli,  a  coUeotioD  of  speci- 
m«u8  of  plaotB  &om  Egyptian  tombs,  whJoh  are  said  to  be  as  mncb  as 
foar  thousand  years  old.  Tbey  are  still  perfectly  ideDtifiable,  aud  as 
one  of  my  predeceesors  in  this  chair  has  pointed  out,  Uiey  differ  in  no 
respect  ttota  their  living  representatives  In  Egypt  at  this  day.  The  ex- 
planation which  Lamarck  gave  of  this  &ot  "  may  weU,"  says  Sir 
Charles  Lyell, "  lay  claim  to  our  admiration."  He  attributed  it,  in  effect, 
to  the  persistence  of  tbe  physical  geography,  temperature,  and  other 
natural  conditions.  The  explanation  seems  to  me  adequate.  The  plants 
and  animals,  we  may  fairly  assume,  were  four  tboasaud  years  ago,  as 
accurately  adjusted  to  the  conditions  in  which  they  then  existed,  as  tlie 
fact  of  their  pereietence  in  the  country  shows  that  tbey  moat  be  now. 
Any  deviation  ftom  the  type  that  existed  then  would  either  therefore 
be  disadvantageoQs  or  indifferent.  In  the  former  case  it  woald  be 
speedily  eliminated,  in  the  latter  it  woald  be  swamped  by  cross-breed- 
ing. But  we  know  that  if  seeds  of  these  plants  were  introdnoed  into 
our  gardens  we  should  soon  detect  varieties  amongst  their  progeny. 
Long  observation  upon  plants  nnder  cultivation  has  always  disposed 
me  to  think  that  a  change  of  external  conditions  actaaUy  stimalated 
variation,  and  so  gave  natural  selection  wider  play  and  a  better  ohance 
of  re-establishing  the  adaptation  of  the  organism  to  them.  Weismaon 
explains  tbe  remarkable  fact  that  organisms  may  for  thonsands  of  years 
reproduce  themselves  unchanged  by  the  principle  of  the  persistence  of 
the  germ-plasm.  Yet  it  seems  hard  to  believe  that  the  germ-plasm, 
while  enshrined  iu  the  individual  whose  race  it  is  to  perpetuate,  and 
nourished  at  its  expense,  can  be  wholly  indifferent  to  all  its  fortunes. 
It  may  be  so,  but  in  that  case  it  would  be  very  nnlilfe  other  living  ele- 
ments of  organized  beings. 

I  am  bound  however  to  confess  that  I  am  not  wholly  satisfied  with 
the  data  for  the  discussion  of  this  qnestion  which  practical  horticulture 
supplies.  TLat  the  contents  of  our  gardens  do  exhibit  the  results  of  vari- 
ation in  a  most  astonishing  degree  no  one  will  dispute.  But  for  scien- 
tific purposes,  any  exact  account  of  the  treatment  under  which  these 
variations  have  occurred  is  unfortunately  usually  wautiug.  A  great  deal 
of  the  most  striking  variation  is  undoubtedly  due  to  wide  crossing,  and 
these  cases  must  of  course  be  eliminated  when  the  object  is  to  test 
tbe  independent  variation  of  the  germ-plasm.  Hoffmann,  whose  ex- 
periments I  have  already  referred  to,  doubts  whether  plants  do  as  a 
matter  of  fact  vary  more  under  cultivation  than  in  their  native  home 
and  under  natural  conditions.  It  would  be  very  interesting  if  this  conid 
be  tested  by  the  concerted  efforts  of  two  cnltivatora,  say,  for  example, 
in  Egypt  and  in  England.  Let  some  annual  plant  be  selected,  native 
of  the  former  country,  and  let  its  seed  be  transmitted  to  the  l»tt«'. 
Then  let  each  ctdtivator  select  any  variations  that  arise  in  regard  to 
some  given  character ;  set  to  work,  in  fact,  exactly  as  any  gardener 
would  who  wanted  to  "  improve  "  the  plant,  but  on  a  preconcerted  plus. 
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A  comparison  of  the  success  which  each  obtained  would  be  a  meagnre 
or  the  effect  of  the  change  of  the  enrironment  on  variability.  K  it 
proved  that  as  Boffniaon  supposed,  the  change  of  conditions  did  not 
affect  the  what  we  may  call  the  rate  of  variation,  then,  as  Mr,  Darwin 
lemarks  in  writing  to  Professor  Semper,  "  the  astoaisbiDg  variations  of 
^most  all  caltivated  plants  most  be  due  to  seleotiooAnd  breeding  from 
the  varying  individuals.  This  idea,"  he  continnea,  "  crossed  my  mind 
many  years  ago,  but  I  was  afraid  to  publish  it,  as  I  thoaghtthat  people 
would  say,  '  How  he  does  exaggerate  the  importance  of  selection.'" 
Prom  an  independent  consideratioD  of  the  snbjeot  I  also  find  my  mind 
somewhat  shaken  abont  it.  Yet  I  feel  disposed  to  say  with  Mr.  Darwin, 
"  I  still  mutt  believe  that  changed  conditions  give  the  impulse  to  varia- 
bility, bot  that  they  act  in  mott  eases  in  a  very  different  manner." 

Whatever  conclusions  we  arrive  at  on  these  points,  every  one  will 
agree  that  one  result  of  the  Darwinian  theory  has  be«Q  te  give  a  great 
impulse  to  the  study  of  organisms,  if  I  may  say  so,  as  "  going  coDcems.'* 
luteresting  as  are  the  problems  which  the  structure,  the  functions,  the 
affinity,  or  the  geographical  distribution  of  a  plant  may  afford,  the  living 
idaot  in  itself  is  even  more  interesting  still. 

Every  organ  will  beu  interrogation  to  trace  the  meaning  and  origin 
of  its  form  and  the  part  it  plays  in  the  plant's  economy.  That  there  is 
here  an  immense  field  for  investigation  there  can  be  no  doubt.  Mr. 
Darwin  himself  set  ne  the  example  in  a  series  of  masterly  investiga- 
tions. But  the  field  is  well-nigh  inexhaustible.  The  extraordinary  va- 
riety of  form  which  plants  exhibit  has  led  to  the  notion  that  much  of  it 
may  have  arisen  from  indifferent  variation.  No  doubt,  as  Mr,  Darwin 
has  pointed  out,  when  one  of  a  group  of  structures  held  together  by 
some  morphological  or  physiological  nexus  varies,  the  test  will  vary 
Gorrelattvely,  Uoe  variation  then  may,  if  advantageous,  become  adapt- 
ive, wliile  the  rest  will  be  indifferent.  But  it  appears  to  me  that  such  a 
principle  should  be  applied  with  the  greatest  caution  ;  and  from  what  I 
have  myself  heard  fall  from  Mr.  Darwin,  I  am  led  to  believe  that  in 
the  later  years  of  his  life  he  was  disposed  to  think  that  every  detail  of 
plant  structure  had  some  adaptive  significance,  if  only  the  clue  could 
befonnd  to  it.  As  regards  the  forma  of  flowers,  an  enormous  body  of 
information  has  been  collected,  but  the  vegetative  organs  have  not 
yielded  their  secret  to  anything  like  the  same  extent.  Hy  own  impres- 
sion is  tiiat  they  will  be  found  to  be  adaptive  in  innumerable  ways  which 
at  present  are  not  even  suspected.  At  Kew  we  have  probably  a  larger 
Diunber  of  species  assembled  together  than  aro  to  be  found  anywhere 
m  the  earth's  surface.  Here  then  is  ample  material  for  observation 
and  comparison.  But  the  adaptive  significance  will  doubtless  often  be 
fooud  by  no  Qieans  to  lie  on  the  surface.  Who,  for  example,  could  pos- 
sibly hare  jessed  by  inspection  tbe  purpose  of  the  glandular  bodies 
ouUie  leaves  oi  Aeaeia  spkierocepkala  aud  on  the  pnlviuus  of  Cecropia 
peltata  which  Belt  in  the  one  case  and  Fritz  Miiller  in  the  other  have 
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sliowD  to  setve  as  food  for  antef  So  fiir  from  tbis  explnnation  being 
far-fetched,  Beltfonnd  tb»t  tbe  former  "tree  is  actually  nnable  to«xist 
witbont  its  guard,"  wbicb  it  conld  uot  Becore  vithoat  some  attractiOD 
iu  tbe  sbape  of  food.  One  fact  which  strongly  impresses  me  with  a  be- 
lief in  tbe  adaptive  signiflcanoe  of  vegetative  characters  ia  the  Cact 
that  in  almost  identical  forms  tbey  are  constantly  adopted  by  plants  of 
widely  different  affinity.  If  such  forms  were  without  aigniflcance  one 
would  expect  them  to  bo  infinitely  varied.  If  however  Uiey  are  really 
adaptive,  it  is  intelligible  tbat  different  plants  should  independently 
avail  themselves  of  identical  appliauces  and  expedients. 

Although  this  country  is  splendidly  equipped  with  appliances  for  the 
study  of  systematic  botany,  onr  nniversities  and  colleges  fall  far  be- 
hind a  standanl  which  would  be  considered  even  tolerable  on  tbe  Gon- 
tinent,  in  the  means  of  studying  morphological  and  physiological  botauy, 
or  of  making  researches  in  these  subjects.  There  is  not  at  tbe  moment 
anywhere  in  London  an  adequate  botanical  laboratory,  and  tboagh  at 
most  of  the  universities,  matters  are  not  quite  so  bad,  still  I  am  not 
aware  of  any  one  where  it  is  possible  to  do  more  than  give  the  rou- 
tine instruction,  or  to  allow  tbe  students,  when  tbey  have  passed 
through  this,  to  work  for  themselves.  It  is  not  easy  to  see  why  this 
should  be,  because  on  the  animal  side  tbe  accommodation  and  appli- 
ances for  teaching  comparative  anatomy  and  physiology  are  always 
adequate  and  often  palatial.  Still  less  explicable  to  me  is  the  tend- 
ency on  the  part  of  those  who  have  charge  of  medical  education  to 
eliminate  botanical  study  from  the  medical  curriculnm,  aince  histori- 
cally the  animal  histologiets  owe  everything  to  botanists.  In  tbe  sev- 
enteenth century,  as  I  have  already  mentioned,  Hooke  first  brought 
the  microscoiie  to  the  Investigation  of  organic  structure,  and  tbe  tissue 
be  examined  was  cork.  Somewhat  later,  Orew,  in  bis  "Anatomy  of 
Plants,"  gave  the  first  germ  of  the  cell-theory.  During  the  eighteenth 
century  the  anatomists  were  not  merely  on  a  hopelessly  wrong  tack 
themselves,  but  they  were  bent  on  dragging  botanists  into  it  also.  It 
-was  uot  until  1S37,  a  little  more  than  fifty  years  ago,  tbat  Henle  saw 
that  tbe  structure  of  epithelium  was  practically  the  same  as  that  of  the 
parenchyma  planlaram  which  Grew  bad  described  one  huudred  and  fifty 
years  before.  Two  years  later  Schwann  published  his  immortal  theory, 
which  comprised  tbe  ultimate  facts  of  plants  and  animal  anatomy 
under  one  view.  But  it  was  to  a  botanist,  Ton  HobI,  tbat  iu  1846,  the 
biological  world  owed  the  first  clear  description  of  protoplasm,  and  to 
another  botiinist,  Cobn  (18dl),  the  identification  of  this  with  the  sar- 
code  of  zoologists. 

Now  tbe  historic  order  in  discovery  is  not  without  its  significance. 
Tbe  path  which  the  first  investigators  found  most  accessible  is  doubt* 
less  that  which  beginners  will  also  find  easiest  to  tread.  Fdo  net  my- 
self bolieve  lliat  any  better  access  can  be  obtained  to  the  structure 
and  functions  of  living  tissues  than  by  tbe  stndy  of  plants.    However. 
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I  am  not  vitbotit  hopes  that  the  Berious  study  of  botany  in  the  lab- 
oratory vill  be  in  time  better  cared  for.  I  do  not  hesitate  to  claim 
for  it  a  position  of  the  greatest  importance  in  ordinary  scieotiflc  edu- 
cation. All  the  essential  phenomena  of  living  organisms  can  be  read> 
ilf  demonstrat«d  upon  plants.  The  necessary  appliances  aro  not  so 
costly,  and  the  work  of  the  class  room  is  free  from  many  difflcnlties 
with  which  the  stndent  of  the  animal  side  of  biology  has  to  contend. 

Those  however  who  have  seriously  devoted  themselves  to  the  pur. 
snit  of  either  morphological  or  physiological  bctAny  neeil  not  now  be 
wholly  at  a  loss.  The  splendid  laboratory  on  Plymouth  Sound,  the 
erection  of  which  we  owe  to  the  energy  and  enthusiasm  of  Prof.  Bay 
Lankester,  is  open  to  botanists  as  well  as  to  zoologists,  and  affords 
every  opportunity  for  the  Investigation  of  marine  plants,  in  which  little 
of  late  years  has  been  done  in  this  country.  At  Kew  we  owe  to  private 
dinnificence  a  commodious  laboratory  in  which  mnch  excellent  work 
has  idready  been  done.  And  this  association  has  made  a  small  grant 
iu  fud  of  the  establishment  of  a  laboratory  in  tbe  JRoyal  Botanic  Garden 
at  Peradeniya,  in  Ceylon.  It  may  be  hoped  that  this  will  afford  facil- 
ities for  work  of  the  same  kind  as  has  yielded  Dr.  Treub  such  a  rich 
harvest  of  results  iu  tbe  Buitenzorg  Botanic  Garden  in  Java. 

Physiological  botany,  as  I  have  already  pointed  out,  is  a  field  in 
which  this  country  in  tbe  past  has  accomplished  great  things.  It  has 
uot  of  late  however  obtained  an  amount  of  attention  in  any  way  pro- 
portionate to  that  devoted  to  animal  physiology.  In  the  interests  of 
physiological  science  generally,  this  is  mnch  to  be  deplored;  and  I 
believe  that  no  one  was  more  firmly  convinced  of  this  than  Mr.  Dar- 
win, Only  a  short  time  before  bis  death,  in  writing  to  Mr.  Romanes  on 
a  book  that  he  bad  recently  been  reading,  he  said  that  tbe  aotbor  had 
made  "  a  gigantic  oversight  in  never  considering  plants ;  these  would 
Bimplify  the  problem  for  bim."  This  goes  to  tbe  root  of  tbo  matter. 
There  is,  in  my  judgment,  no  fundamental  biological  problem  which  is 
Dot  exhibited  in  a  simpler  form  by  plants  than  by  animals.  It  is  possi- 
ble, however,  that  tbe  distaste  which  seems  to  exist  amongst  our  biolo- 
gists for  physiological  botany,  may  t>e  due  in  some  measure  to  the  ex- 
ttemely  physical  point  of  view  from  which  it  has  been  customary  to 
treat  it  on  tbe  Continent.  It  is  owing  in  great  measure  to  the  method 
of  Mr.  Darwin's  own  admirable  researches  that  in  this  country  we 
'  have  been  led  to  a  more  excellent  way.  Tbe  work,  which  has  been 
lately  done  in  England  seems  to  me  full  of  the  highest  promise.  Mr. 
Francis  Darwin  and  Hr.  Gardiner  have  each  iu  different  directions 
shown  the  entirely  new  point  of  view  which  may  be  obtained  by  treat- 
log  plant  phenomena  as  tbe  outcome  of  the  functional  activity  of  pro- 
toplasm. I  have  not  the  least  doubt  that  by  pursuing  this  path  Eii- 
glieh  research  will  not  merely  place  vegetable  physiology,  which  has 
hitherto  been  too  mnch  nnder  the  influence  of  Laroarckism,  on  a  more 
rational  basis,  but  that  it  will  alsQ  sensibly  re-act,  as  it  has  done  pjftea 
before,  on  animal  physiology.  Xit)C)ylc 
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There  is  no  part  of  the  fleld  of  pbysiological  botaDy  which  has  yielded 
reaalU  of  more  interest  and  importance  than  that  which  relates  to  the 
action  of  ferments  and  fermentation;  and  I  conkl  hardly  give  yon  a 
better  illnstration  of  the  purely  biolo^cal  method  of  treating  it  I 
believe  that  these  resalts,  wonderful  and  faecinatjng  as  they  are,  afford 
but  a  faint  indication  of  the  range  of  those  that  are  still  to  be  accom- 
plished. The  Bubjoot  is  one  of  extreme  intricacy,  and  it  is  not  easy  to 
speak  aboat  it  briefly.  To  begin  with,  it  embodies  two  distinct  grDn|>3 
of  phenomena,  which  have  in  reality  very  little  which  is  essential  in 
oommon. 

What  are  osnally  called  ferments  are  perhaps  the  most  remarkable 
of  all  chemical  bodies,  for  they  have  the  power  of  effecting  very  pro- 
found changes  in  the  chemical  constitution  of  other  substances,  although 
they  may  be  present  in  very  minnte  quantity;  but — and  this  is  their 
most  singular  and  characteristic  property — they  themselves  remain 
Qochanged  in  the  process.  It  may  be  said  without  hesitation  that  the 
whole  nutrition  of  both  animals  and  plants  depends  on  the  action  of 
ferments.  Organisms  are  incapable  of  using  solid  nutrient  matter  for 
the  repair  and  extension  of  their  tissues ;  this  mast  first  be  brought 
into  soluble  form  before  it  can  be  made  available,  and  this  change  is 
generally  brought  about  by  the  action  of  a  ferment.  Animal  physi- 
ology has  long  been  familiar  with  the  part  played  by  ferments,  and 
it  may  be  said  that  no  small  part  of  the  animal  eoonomy  is  made  up 
of  organs  required  either  for  the  manufacture  of  ferments  or  for  the 
exposure  of  ingested  food  to  their  action.  It  may  seem  strange  at 
flrat  sight  to  speak  of  analogous  processes  taking  place  in  plants. 
But  it  must  be  remembered  that  plant  nub*ition  includes  two  very 
distinct  stages.  Certain  parts  of  plants  build  np,  as  everyone  knows, 
from  external  inorganic  materials,  substances  which  are  available  for 
the  construction  of  new  tissues.  It  might  be  supposed  that  these  are 
used  up  as  fast  ns  they  are  formed.  But  it  is  not  so ;  the  life  of  the 
plant  is  not  a  continuous  balance  of  income  and  expenditure.  On  the 
contrary,  besides  the  general  maintenance  of  its  structure,  the  plant 
has  to  provide  ftom  time  to  time  for  enormous  resources  to  meet  such 
exhausting  demands  as  the  renewal  of  foliage,  the  production  of  flow- 
ers, and  the  subsequent  maturing  of  frnit. 

In  such  cases  the  plant  has  to  draw  on  accumulated  store  of  solid 
food  which  has  rapidly  to  be  converted  into  the  solnble  form  in  wjiich 
alone  it  is  capable  of  passing  through  tbe  tissues  to  the  seat  of  con- 
sumption. And  I  do  not  doubt  for  my  part  that  in  such  cases  ferments 
are  brought  into  play  of  tbe  same  kind  and  in  the  same  way  as  in  tbe 
animal  economy.  Take  such  a  simple  case  as  a  potato-tuber.  This  is  a 
mass  of  cellular  tissue,  the  cells  of  which  are  loaded  with  starch.  We 
may  either  dig  np  tbe  tuber  and  eat  tbe  starch  ourselves,  or  we  may 
leave  it  in  the  ground,  in  which  ease  it  will  be  consumed  in  providing 
material  for  the  growth  of  a  potato-plant  for  next  year.    Batthe  pro- 
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cesses  by  which  tbe  insoluble  starch  is  made  available  for  Dntrition  are, 
1  caD  not  doubt,  closely  similar  in  either  eaae. 

When  we  inquire  further  abont  these  myBf«rious  and  all-important 
bodies,  the  answer  we  can  give  is  extremely  inadequate.  It  is  very 
ilifiBcnlt  to  obtain  them  in  amount  sufficient  for  analysis,  or  in  a  state 
of  purity.  We  kuow  however  that  they  are  closely  allied  to  albntni- 
iioids,  and  contain  nitrogen  in  varying  proportion.  Papain,  which  is  a 
vegetable  ferment  derived  from  the  fruit  of  the  papaw,  and  capable  of 
digesting  most  animal  albuminoids,  is  said  to  have  the  same  nltimate 
composition  as  the  pancreatic  ferment  and  as  peptones,  bodies  closely 
allied  to  proteids ;  tbe  properties  of  all  three  bodies  are  however  very 
different.  It  seems  clear  nevertheless  that  ferments  mnst  be  closely 
allied  to  proteids,  and  like  these  bodies,  they  are  no  doubt  directly 
derived  from  protoplasm. 

1  need  not  remibd  yon  that,  nnlike  other  coustitnents  of  plant  tissnes, 
protoplasm,  as  a  condition  of  its  vitality,  is  in  a  constant  state  of  molec- 
ular activity.  The  maintenance  of  this  activity  involves  the  supply  of 
energy,  and  this  is  partly  derived  from  the  waste  of  its  own  substance. 
This  "  self-decom  posit  ion  "  of  the  protoplasm  liberates  energy,  and  in 
tloiDg  so  gives  rise  to  a  number  of  more  stable  bodies  than  protoplasm. 
8oue  of  these  are  nsed  up  again  in  nutrition ;  others  are  thrown  aside, 
and  are  never  drawn  again  into  tbe  inner  circle  of  vital  processes.  lu 
the  animal  organism,  where  the  strictest  economy  of  bnlk  is  a  paramount 
necea^ty,  they  are  promptly  got  rid  of  by  the  process  of  excretion.  In 
Ibcvegetahleeoonomy  these  residual  products  usually  remain.  And  it  is 
for  this  reason,  I  may  pointout,  that  tbe  stndy  of  the  chemistry  of  plant 
nnirition  appears  to  me  of  such  immense  importance.  The  record  of 
chemical  change  is  so  much  more  carefully  preserved ;  and  the  proba- 
iHlity  of  oar  being  able  to  trace  the  course  it  has  followed  is  conse- 
qnently  far  more  likely  to  be  attended  with  success. 

This  preservation  in  the  plant  of  the  residual  by-products  of  proto- 
plasmic activity  no  doubt  acoounta  for  the  circumstance  which  otherwise 
is  extremely  perplexing, — the  profusion  of  substances  which  we  meet 
with  in  the  vegetable  kingdom  to  which  it  is  hard  to  attribute  any  nse- 
fal  purpose.  It  seems  probable  that  ferments,  in  a  great  many  cases, 
belong  to  the  same  category.  I  imagine  that  it  is  in  some  degree  acci- 
dental that  some  of  tbem  have  been  made  use  of,  and  thus  the  plant 
bas  iM^n  able  to  temporarily  lock  up  accnmulaitons  of  food  to  be 
drawn  upoo  in  future  phases  of  its  life  with  the  certainty  that  they 
would  be  available.  Without  the  ferments,  the  key  of  tbe  storehouse 
would  be  lost  irretrievably. 

Plants  moreover  are  now  known  to  possess  ferments,  and  the  num- 
ber will  doubtless  increase,  to  which  it  is  difficult  to  attribute  any  use- 
ful fnnction.  Papain,  to  which  I  have  already  alluded,  abounds  in  tbe 
papaw,  but  it  is  not  easy  to  assign  to  it  any  detlnite  fnnction  ;  still  less 
is  it  easy,  on  teleological  grounds,  to  account  for  the  rennet  fermjent 
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coDtaiued  iu  the  fraits  of  an  Indian  plant,  Witkania  coagulans,  and  ad- 
mirably inveRtigated  by  Atr.  Sheridan  Lea. 

HaviDg  dwelt  so  far  on  the  action  of  ferments,  we  may  now  tnm  to 
fermentation,  and  that  other  kind  of  change  in  orf^auic  matter  called 
"  potrefactioD, "  which  is  known  to  be  closely  allied  to  fermentation. 
Fermeuts  and  fernteutatiou,  as  I  have  already  remarked  have  very  little 
to  do  with  one  another;  and  it  would  saveoonfusion  aud  emphasize  the 
the  fact  if  we  ceased  to  speak  of  ferments  but  used  some  of  the  altern- 
ative names  which  have  been  proposed  for  them,  snch  as  zjrmasef  or 
enzymes. 

The  classical  case  of  fermentation,  which  is  the  root  of  our  whole 
knowledge  of  the  subject,  is  that  of  the  convereioD  of  sugar  into  alcohol. 
Its  discovery  haseverywhereaccompanied  the  first  stances  of  civilizaiion 
in  the  human  race.  Its  details  are  now  taught  in  our  test  books;  and 
I  should  hardly  hope  to  be  excused  for  referring  to  it  in  any  detail  if  it 
were  not  necessary  for  my  purpose  to  draw  your  attention  more  partic- 
Qlarly  to  one  or  two  points  connected  with  it. 

Let  us  trace  what  happens  in  a  fermenting  liquid.  It  becomes  turbid, 
it  froths  and  effervesces,  the  temperature  sensibly  increases ;  this  is  the 
first  stage.  After  this  it  begins  to  clear,  the  turbidity  subsides  as  a 
sediment;  the  sugar  which  the  fluid  at  first  contained,  has  in  great 
part  disappeared,  and  a  new  ingredient,  alcohol,  is  found  in  \ta  place. 

It  is  just  fifty  years  ago  that  the  great  Dutch  biologist  Schwann  made 
aseriesof  investigations  which  incontrovernbly  demonstrated  that  both 
fermentation  aud  putrefaction  were  due  to  the  presence  of  minute  or- 
ganisms which  live  and  propagate  at  the  expense  of  the  liquids  in 
which  they  produce  as  a  result  these  extraordinary  changes.  The 
labors  of  Pasteur  have  confirmed  Schwann's  results,  and — wliatcould 
not  have  been  foreseen — hare  extended  the  possibilities  of  this  field  of 
investigation  to  those  disturbances  iu  the  vital  phenomena  of  living 
organisms  themselves  which  we  include  under  the  name  of  "disease," 
and  which,  no  one  will  dispute,  are  matters  of  the  deepest  coocem  to 
every  one  of  us. 

Xow,  at  first  sight,  the  conversion  of  starch  intosngar  by  raeaus  of 
-diastase  seems  strikingly  analogous  to  the  conversion  of  sngarinto 
alcohol.  It  Js  for  this  reason  that  the  phenomena  have  been  so  long 
associated.  But  it  is  easy  to  show  that  they  are  strikingly  different 
Diastase  is  a  chemical  substance  of  obscure  compof>ition  it  is  trne,  bat 
inert  and  destitute  of  any  vital  properiies,  nor  is  it  affected  by  the 
changes  it  induces.  Yeast,  on  the  other  hand,  which  is  the  active  ageift 
in  alcoholic  fermentation,  is  a  definite  organism;  itcnonnously  increases 
during  the  process,  and  it  appears  to  me  im)>0S3ible  to  resist  the  con- 
clusion that  fermentation  is  a  necessary  concomitant  o(  the  petjuliar  con- 
ditions of  its  life.  Let  me  give  yon  a  few  facts  which  go  to  prove  this. 
In  the  first  place,  you  can  notfermentaperfectly  pure  solution  of  sugar. 
'Sk^  ferrnentable  fluid  must  cot^tivia  salin,^  ^nd  nitrogeooiis  matte^ 
n,5,t,7i.dtvC00gle 
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n(>ccjs6ary  for  tbe  nutrition  of  the  yeast  protoplasm.  In  pure  sugar  tbe 
yeast  starves.  Next,  Schwann  found  that  known  protoplasmic  poisons, 
liy  killing  thu  yeast-celU,  would  prohibit  fermentatioD.  He  found  the 
same  result  to  bold  goo<l  of  putrefaction,  and  this  is  the  basis  of  the 
wbole  theory  of  antiseptics.  Nor  can  the  action  of  yeast  be  attributed 
to  any  ferment  which  tbe  yeast  secretes.  It  is  true  that  pure  cane- 
BQgar  can  not  Ive  fermented,  and  that  yeasteffectstheinversionof  this, 
w  it  is  called,  into  glucose  aud  lotvulose.  It  does  this  by  a  ferment 
which  can  be  extracted  from  it,  and  which  is  often  present  in  plants. 
But  yon  can  extract  nothing  from  yeast  which  will  do  its  pecnlar  work 
apart  from  itself.  Helmboltz  made  the  crucial  experiment  of  suspend- 
ing a  blatlder  full  of  boiled  grape-juice  in  a  vat  of  fermenting  must;  it 
DDderwent  no  change ;  and  even  a  film  of  blotting-paper  has  been  fonnd 
a  snfficient  obstacle  to  its  action.  We  are  driven  then  necessarily  to 
the  conclusion  that  in  the  action  of  "ferments'*  or  zymases  we  have 
to  do  with  n  chemical — i.e.,  a  purely  physical  process;  while  in  the  case 
of  yeast  we  encounter  a  purely  physiological  one. 

How  then  is  this  action  to  be  explained  t  Pasteur  has  laid  stress  on 
a  fact  which  had  some  time  been  known,  that  the  production  of  alcohol 
from  sugar  is  a  result  of  which  yeast  has  not  the  monopoly.  If  ripen- 
ing fmita — such  as  plums — are  kept  in  an  atmosphere  free  from  oxygen, 
B^rard  found  that  they  too  exhibit  this  remarkable  transformation; 
their  sugar  is  converted  appreciably  into  alcohol.  On  the  other  hand, 
Pasteur  has  shown  that,  if  yeast  is  abundantly  supplied  with  oxygen, 
it  feeds  on  the  sugar  of  a  fermentable  fluid  without  producing  alcohol. 
But  nnder  the  ordinary  circumstance  of  fermentation,  its  access  to 
oxygen  is  practically  cut  off;  the  yeast  theu  is  in  exactly  tbe  same 
predicament  as  the  fruit  in  B^rard's  ex|>erimeot.  Sugar  is  broken  np 
iiito  c»rbon  dioxide  and  alcohol  in  an  ».mount  far  in  excess  of  the  needs 
of  mere  nutrition.  In  this  dissociation  it  can  be  shown  that  an  amount 
of  energy  is  set  free  in  the  form  of  heat  equal  to  about  one-tenth  of  what 
wonid  be  produced  by  the  total  combustion  of  an  equivalent  of  grape- 
sagar.  If  tlie  protoplasm  of  the  yeast  could,  with  the  aid  of  atmos- 
pheric oxygen,  completely  decompose  a  unit  of  grape  sugar,  it  would 
get  ten  times  as  much  energy  in  tbe  slia|>e  of  heat  as  it  oonld  get  by 
breaking  it  np  into  alcohol  and  carbon  dioxide.  It  follows  then  that 
to  do  the  same  amount  of  growth  in  either  case,  it  must  break  np  ten 
times  as  much  sugar  without  a  su  pply  of  oxygen  as  with  it.  And  this 
throws  light  on  what  has  always  beeu  one  of  the  most  remarkable  facts  * 
abont  fermentation — the  enormous  amount  of  change  which  the  yeast 
manages  to  effect  in  proportion  to  its  own  development. 

There  are  still  two  points  abont  yeast  which  deserve  attention  before 
wc  dismiss  it.  When  a  fermenting  liqnid  comes  to  contain  about  14  |>er 
tent,  of  alcohol,  the  activity  of  the  yeast  ceases,  quite  independently  of 
whether  tlie  sugar  is  used  up  or  not  In  other  cases  of  lermentation 
tbe  same  inhibiting  effect  of  the  prodncts  of  fermentation  is  met  with. 
H.  Mis.  224 27 
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Tliut)  lactic  fernieutatioii  bood  comes  to  au  end  unless  calcjum  carlxHi- 
ate  OF  some  similar  substaace  be  added,  wbicb  reiuoves  the  lactic  aciil 
from  the  solution  as  fast  as  it  is  formed. 

Tlie  other  point  is  that  iu  all  fermentations,  besides  wliat  may  be 
termed  tbe  primary  products  of  the  process,  other  bodies  are  produced. 
In  the  case  of  alcoholic  fermentation  the  primary  bodies  are  alouhol  and 
carbon  dioxide ;  the  secondary,  SDcciuic  acid  and  glycerine.  Delpioo 
has  suggested  that  these  last  are  residual  products  derived  from  tliat 
portion  of  the  fermentable  matter  which  la  directly  applied  to  tbe  nutri- 
tion of  the  protoplasm. 

Yeast,  itself  tbe  organism  vhich  effects  the  remarkable  changes  on 
which  I  bare  dwelt,  is  somewhat  of  a  problem.  It  is  clear  that  it  is  a 
fuogns,  the  germs  of  which  must  be  ubiquitous  in  tbe  atmosphere.  It 
is  difficult  to  believe  that  the  simple  facts,  which  are  all  we  know  about 
it,  constitute  its  entire  life-history.  It  is  probably  a  transitory  stage  uf 
some  more  complicated  organism. 

I  cau  only  briefly  rnfer  to  patrefaotion.  This  is  a  far  more  comptux 
process  than  that  which  I  have  traced  in  the  case  of  alcoholic  fermenta- 
tion. In  that,  nitrogen  is  absent,  while  it  is  an  essential  ingredient 
iu  albuminoids,  which  are  the  sabstances  that  undergo  pntreCactive 
changes.  But  tbegeneral  principles  are  tbe  same.  Here,  too,  we  owe  to 
Schwann  tbe  demonstration  of  the  fact  that  the  efi'ective  agents  in  the 
processare  living  organisms.  If  we  putintoaflaskapatrescibte  liquid 
Buoh  as  broth,  boil  it  for  some  time,  and  during  the  process  of  boiling 
plug  tbe  mouth  with  some  cotton-wool,  we  know  that  the  broth  will  re- 
main long  unchanged,  while  if  we  remove  the  wool  putrescence  eoon  be- 
gins. Tyndallbas  shown  that,  if  we  conduct  tbe  experiment  oa  one  of 
the  high  glaciers  of  the  Alps,  the  cotton-wool  may  be  dispensed  with. 
We  may  infer  then  that  tbe  germs  of  the  organisms  which  produce  put- 
Tefaclion  are  abundant  iu  the  lower  levels  of  the  atmosphere  and  nte 
absent  from  tlie  higher.  They  are  watted  about  by  currents  of  air;  hut 
they  are  not  imponderable,  and  in  still  air  they  gradually  subside.  Dr. 
Lodge  has  shown  that  air  is  rapidly  cleare<l  of  suspended  dust  by  an 
electric  discharge,  and  this  uo  doubt  affords  a  simple  explanation  of 
the  popular  belief  that  thunderous  weather  is  favorable  to  putrefac- 
tive changes. 

Colin  believes  that  putrefaction  is  due  to  an  organism  called  Bacter- 
ium termo,  which  plays  in  it  the  same  part  that  yeast  does  in  fermeutH- 
tion.  Thisisprobablytoosimplenstatement;  but  tbegeneral  phenomena 
are  nevertheless  similar.  There  is  tbe  same  breaking  down  of  compli-x 
into  simpler  molecules;  the  same  evolution  of  gas,  especially  carbon 
dioxide;  the  same  rise  of  temperature.  The  more  or  less  stable  prod  nets 
of  the  process  are  infinitely  more  varied,  and  it  is  difficult,  if  not  iui- 
posstble,  to  say,  in  the  present  state  of  our  knowledge,  whether  in  most 
cases  they  are  the  direct  outcome  of  the  putrefactive  process,  or  resid- 
ual products  of  the  protoplasmic  activity  of  the  organisms  which  in- 
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dace  it.  PerliapB,  ou  tlie  analogy  of  tbe  higher  platits,  iu  which  some 
of  them  also  occur,  nremaj' attribute  to  the  lattercat^gorycertAJD  bodies 
closely  rtjKembling  vegetabto  alkaloids;  these  are  calle<1  ptomaiaes,  and 
are  estremely  poisonous.  Besides  such  bodies,  Bacteria  uDdoobtcdly 
generate  trne  fermentsaiid  peculiar  coloring-matters.  But  there  are  in 
most  cases  of  putrefactiou  a  prolusiooof  other  anbstances,  vbicb repre- 
sent the  various  stages  of  the  breaking  up  of  tJie  complex  proteid  mole- 
cole,  and  are  often  themselves  the  ootcoaie  of  subsidiary  fermenta- 
tions. 

These  resnlts  are  of  great  interest  from  a  scientific  point  of  view.  Bnt 
ttieir  importance  at  the  present  moment  iu  the  study  of  certain  kinds  of 
disease  can  hardly  be  exaggerated.  I  bare  already  mentioned  Henle 
as  having  first  fouud  the  true  clue  to  animal  histology  in  thestnicture 
orplanta.  As  early  as  1840,  the  same  observer  indicated  thegrounds  for 
regarding  contagions  dise^es  as  due  to  living  organisms.  I  will  state 
his  argameot  in  the  words  of  De  Bary,  whose  "  Lectures  ou  Bacteria," 
the  last  work  which  we  owe  to  his  gifted  band,  I  can  confidently  recom- 
mend to  you  as  aluminous  but  critical  discussion  of  a  vast  mass  of  dif- 
fienllaod  coudiuting  literature. 

It  wns  of  course  clear  that  contagion  must  be  due  to  the  communica- 
tion of  infectious  particles  or  contagia.  These  contagia,  altbongh  at  the 
time  no  one  had  seen  them,  Ileule  pointed  out,  "have  the  power,  pos- 
sessed, as  far  as  we  know,  by  living  creatures  only,  of  growing  under 
favorable  conditions,  and  of  multiplying  at  the  expense  of  some  other 
snbstance  than  their  own,  and  therefore  of  assimilating  that  substance." 
Henle  enforced  his  view  by  comparison  witfa  the  theory  of  fermentation, 
which  hadtheu  been  promulgated  by  Scbwanu.  But  for  many  years  his 
views  found  no  favor.  Botanists  however  as  iu  so  many  other  cases, 
stiuck  on  tbe  right  path,  and  from  about  the  year  1860  steady  progress, 
in  which  DeBury  himself  took  a  leading  part,  wasmade  in  showing  that 
most  of  tbe  diseases  of  plants  are  due  to  parasitic  iufectioo.  The  reason 
ofthis  success  wits  obvious;  the  structureof  plants  makes  them  more 
accessible  to  research,  and  the  invading  parasites  are  larger  thau  aui- 
TDftl  contagia.  On  tbe  animal  side  all  real  progress  dates  from  about  i860, 
when  Pasteur,  having  established  Schwann's  theory  of  fermentation  on 
an  impregnable  basis,  took  up  Henle's  theory  of  living  contagia. 

Tbe  only  risk  now  is  that  we  may  get  ou  too  fast.  To  put  the  trae 
theory  of  any  one  contagious  disease  on  as  firm  a  basis  as  that  of  aloo- 
holic  fermentation  is  uo  easy  matter  to  accomplish.  Bnt  I  believe  that 
this  is  (notwithstanding  a  fiood  of  facile  specnlatiou  and  imperfect  re- 
search) slowly  being  doue. 

There  are  two  tracts  in  the  body  which  are  obvionsly  accessible  to 
such  minute  organisms  us  Bacteria,  and  favorable  for  their  develop- 
ment. These  are  the  alimentary  canal  aod  the  blood.  In  tbe  ease  of 
tlie  former  there  is  evidence  that  every  ouc  of  us  possesses  quite  alittle 
Hora  of  valid  forms  and  species.  Tbey  seem  for  the  most  part,  in 
health,  to  be  comparatively  iunocDousj  iudeed  it  is  believed  that  tbey 
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are  ancillary  tu  and  aid  digestion.  But  it  iaeaay  to  see  that  other  kinds 
tuay  be  introduced,  or  those  already  presentniay  becalled  into  abnor- 
mal activity,  and  fermentative  procesBes  may  be  set  up  of  a  very  idodq- 
ve n ten t  kind.  These  may  resalt  in  mere  digestive  disorder,  or  in  the 
production  of  some  of  those  iwisonous  derivatives  of  proteids  of  which  I 
Jiave  spoken,  the  effect  of  which  upon  the  organism  maybe  most  disas- 
trous. 

The  access  of  Bacteria  to  the  blood  is  a  far  more  serious  matter. 
They  produce  phenomena  the  obvious  analogy  of  which  to  fermeutative 
processes  has  led  to  the  resulting  diseases  being  called  zymotic  Take 
foresarnple,tbediseH8e  known  as  "  relapsing  fever."  This  is  contagious. 
After  a  iieriod  of  incubation,  violent  fever  sets  in,  which  lasts  for  some- 
thiug  less  than  a  week,  is  then  followed  by  a  period  of  absence,  to  be 
again  followed  in  succession  by  one  or  more  similar  attacks,  which  olti- 
mately  cease.  Now  yon  will  observe  that  the  analogy  to  afermentative 
process  is  very  close.  The  periotl  of  incubation  is  the  necessary  inter- 
val between  the  iiitrodnction  of  the  genu  aud  its  vegetative  multiplica- 
tion hi  sufRcient  numliers  to  appreciably  affect  the  total  volume  of  the 
blood.  The  rise  in  temiMiratni-e  aud  the  limited  duration  of  the  attack 
are  eqnally,  as  we  have  seen,  characteristic  of  fermentative  processes, 
while  the'  bodily  exhaustion  which  always  follows  fever  is  the  obvious 
result  of  the  dissipation  by  the  ferment  oi^anisms  of  nutritive  matter 
destined  for  the  repair  of  tissue  waste.  During  the  presence  of  this 
fever  there  is  present  in  the  blood  an  organism,  Spirochwte  obermeieri, 
so  uatiied  after  its  discoverer.  This  disappears  when  the  fever  subsides. 
It  is  found  that  if  other  individuals  are  inoculated  with  blood  taken 
iVom  patients  during  the  fever  attack,  the  disease  is  communicated,  bnt 
that  this  is  not  the  case  if  the  inocnlation  is  made  during  the  period  of 
freedom.  The  evidence  then  seems  clear  that  this  disease  is  doe  to  a 
definite  organism.  The  interesting  jioint  however  arises,  why  does 
the  fever  recnr,  and  why  eventually  cease  !  The  analogy  of  fermenta- 
tion leads  to  the  hypothesis  that  as  in  the  case  of  yeast  theprodnctsof 
its  actiou  Inhibit  altera  time  the  further  activity  of  the  jfi^piroctete.  The 
inhibiting  substance  is  no  doubt  eventually  removed  partially  from  the 
blood  by  its  normiil  processesof  depuration,  and  the  surviving  iodtvid- 
nalsof6^trocA(r(e  can  then  continue  their  activity,  as  in  lactic  fermenta- 
tion. With  regard  to  the  flniil  cessationofthedisease,  there  are  facts 
which  may  lead  one  to  Rup{>ose  that  in  this  as  in  other  cases  sufficient  of 
the  inhibiting  subRtance  ultimately  remains  in  the  organism  to  protect 
it  against  any  further  outbreak  of  activity  on  the  part  of  the  Spiroduete. 

Here  we  bare  an  example  of  a  disease  which,  though  having  a  well- 
marked  zymotic  character,  is  comparatively  harmless.  In  anthrax, 
which  is  known  to  be  due  to  Bacilltu  anikracu,  we  have  one  which  is, 
on  the  contrary,  extremely  fatal.  I  need  not  enter  into  the  details.  It 
is  sufficient  to  say  that  there  is  reason  to  believe  that  the  BactUug  pro- 
dnces,  as  one  of  those  by-products  of  protoplasmic  destruction  to  which 
I  have  already  alluded,  a  most  virulent  poisou.    Bat  the  remarkaUe 
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thJDg  is  Ibut  this  Bacillug,  which  can  be  cttUivated  externally  to  the 
body,  if  kept  at  a  beighl^Ded  temi>eratiii'e,  oan  be  attenaated  in  its  virn- 
leuce.  It  drops  iu  fact  the  excretion  of  the  poison.  It  is  theu  found 
tliat,  if  injected  into  the  blood,  it  does  uo  mischief,  and,  what  ia  more 
eitraordinaFy,  \T  tbt>  BactUug  in  its  most  lethal  form  is  subsequently  iu- 
troduced,  it  too  has  lost  its  power.  The  explanation  of  the  immuuity 
in  this  case  is  entirely  dlEferent  from  that  which  was  suggested  by  a 
consideration  of  the  facts  of  relapsing  fever.  The  researches  of  Met- 
Bcknikoff  have  led  to  Ihc  hypothesis  that  in  the  present  case  the  white 
blood-corpnscles  destroy  the  Bacillus.  When  they  lirst  come  into  con* 
tJiRt  with  these  in  their  virulent  form,  they  are  unable  to  touch  them. 
But  if  they  have  been  educated  by  first  having  presented  to  them  the 
attenuated  form,  they  find  no  diRiculty  in  grapiding  with  the  malignant. 
This  is  a  very  remarltable  view,  I  should  not  have  put  it  before  you  had 
there  Dot  been  solid  reasons  for  regarding  the  i<lea  of  the  edncatiou  of 
protoplasm  with  BcientiQc  respect.  Tiie  Plasmodia  of  the  Myxomycetes, 
vhich  consist  of  naked  protoplasm,  are  known  to  become  habitnated  to 
food  which  they  at  first  reject,  and  the  researches  of  Beyerinck  on  the 
disease  known  as  "  gumming  "iu  plants  have  apparently  shown  that 
healthy  cells  may  be  taught,  as  it  were,  to  produce  a  ferment  which 
otherwise  they  would  not  excrete. 

If  lletflchnikoff's  theory  be  true,  we  have  a  rational  explanation  of 
vaccination  and  of  preventive  inoculation  generally.  It  is  probably 
however  not  the  only  explanation.  And  the  theory  of  the  inhibitive 
action  npon  itself  of  the  products  of  the  ferment-organism's  own  activity 
is  Btill  being  made  the  basis  of  experiment.  In  fact,  the  most  recent 
results  point  to  the  possibility  of  obtaining  protection  by  injecting  into 
the  blood  substances  artificially  obtained  entirely  inde[>endeut  of  the 
organisms  whose  development  they  inhibit. 

It  is  impossible  for  me  to  touch  on  these  im|H)rtant  matters  at  any 
greater  length,  but  I  doubt  if  the  theory  of  fermentation,  as  applied  to 
the  diseases  of  organisms,  has  as  yet  more  than  opened  its  first  page. 
It  seems  to  me  possible,  that  besides  the  rational  explanation  of  zymotic 
disease,  it  may  throw  light  on  others  where  owing  to  abnormal  coudi- 
tions,  the  organism,  as  iu  the  case  of  B^rurd's  plums,  is  itself  the  Agent 
in  its  own  fermentative  processes. 

And  now  I  must  conclude.  I  have  led  yon,  I  am  afraid,  a  too  lengthy 
and  varie<l  ajonmey  in  the  field  of  botani<;al  study.  Bnttosum  upmy 
argument:  I  believe  I  have  shown  yon  that  at  the  bottom  of  every 
great  branch  of  biological  inquiry  it  has  never  been  possible  to  neglect 
the  study  of  plants ;  nay  more,  that  the  study  of  plant-life  has  gener- 
ally given  the  key  to  the  Irue  course  of  investigation.  Whether  you 
take  the  problems  of  geographical  distribution,  the  most  obscure  points 
in  the  theory  of  organic  evolution,  or  the  innermost  secrets  of  vital 
phenomena,  whether  in  health  or  disease, — not  to  consider  plants  is  still, 
in  the  words  of  Mr.  Darwin,  "a  gigantic  oversight,  for  these  would 
aioplify  the  problem."  ;  ,Co0^le 
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The  work  of  iiivestigatiiif;  the  specinl  functions  of  organa,  wbidi 
durioK  tbe  Inst  two  Oecailes  has  j'ielded  siicb  splendid  results,  is  still 
proceeiliDg,  ami  every  j'enr  new  ground  is  being  broken  and  new  and 
fruitful  lines  of  esperimental  ini^iiiry  arebeiugopeneil  np;  but  the  fur- 
ther the  physiologist  a<lvaaces  iu  tLis  work  of  analysis  and  differentia- 
tioB,  the  more  frequently  does  be  Hud  bis  utteutioit  arrested  by  deeper 
qaestioDS  relatingtotbo  essential  endowments  of  living  matter  of  which 
even  tbe  most  highly  differentiated  functions  of  the  auiiuul  or  plant 
organism  are  the  outcome.  In  our  science  the  order  of  progress  bos 
been  hitherto  and  will  continue  to  be  tbe  reverse  of  the  order  of  nature. 
Nature  begins  with  the  elementary  and  ends  with  tbe  complex  [drst  the 
amieba,  tben  the  man).  Our  mode  of  investigation  bas  to  begin  at 
the  end.  And  this  not  merely  for  the  historical  reason  that  the  first 
stimulus  to  physiologlciil  inqniry  was  man's  reasonable  desire  to  know 
himself,  but  beeaase  tbe  differentiation  actually  involves  simplilication. 

Physiology  therefore  first  studies  man  and  tlie  higher  animals,  and 
proceeds  to  the  higher  plants,  then  to  invertebrates  and  cryptogams, 
ending  where  development  begins.    -     -     ■ 

It  is  not  difficnlt  to  see  whither  this  method  mnst  eventually  lend  us. 
I'or  inasmuch  as  function  is  more  complicated  than  structure,  tbe 
result  of  proceeding,  as  physiology  normally  does,  from  structure  to 
fauction,  must  inevitably  be  to  bring  us  face  to  face  with  functional 
differences  which  have  no  structural  difference  to  explain!  them.  Thus, 
for  example,  if  the  pbyeiologtst  undertakes  to  explain  the  function  of 
a  highly  difliereDtiated  organ  like  the  eye,  be  finds  that  up  to  a  certain 
pointy  provided  that  he  bas  tlie  requisite  knowledge  of  dioptrics,  the 
method  of  correlation  guides  him  straight  to  his  poiut.  He  can  men- 
tally or  actnally  constrnct  an  eye  which  will  perform  the  functions  of 
the  real  eye,  in  so  far  as  the  formation  of  a  real  image  of  the  field  of 
Tision  on  the  retina  is  concerned,  and  will  bo  able  thereby  to  under 
stand  how  the  retinal  picture  is  transferre<l  to  the  organ  of  concioDS- 

Tmiilrnlinl  ntlilrpwi  Iraforc  theBiolnKir.al  Section  of  Die  British  Anncifttion,  A.  S., 
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Dess.  Haviug  arrived  at  this  point  be  begins  to  ciirn-lnte  tbe  known 
structure  of  tbe  retiDa  witb  wbat  is  required  of  it,  aud  finds  tbat  the 
number  of  olgectB  whiob  he  can  discriminate  iu  tbe  field  of  visiou  ia  as 
iinmeroua  as,  but  not  more  nnmeroas  than,  tbe  parts  of  tbe  retina,  ue^ 
tbe  cones  wbieb  ai-e  concerned  in  discriminatiag  tbem.  So  far  be  has 
no  difficulty ;  but  tbe  method  of  correlation  fails  bim  from  the  moment 
tbat  be  considers  tbat  eacb  object  point  in  the  field  of  vision  is  colored, 
and  that  he  is  able  to  discriminate  not  merely  tbe  number  and  relations 
of  all  the  object  points  to  eacb  other,  but  the  color  of  eacb  separately. 
He  then  sees  at  once  tbat  each  cone  must  possess  a  plurality  of  en- 
dowments for  which  its  structure  affords  uo  esplanatioD.  In  other 
words,  in  the  minute  atractore  of  the  baman  retina  we  have  a  mechan- 
ism which  would  completely  explain  the  pictnre  of  which  I  am  con- 
scious, were  the  objects  composing  it  colorless,  t.  e.,  possessed  or  one 
objective  quality  only,  bat  it  leaves  us  without  explanation  of  the  dif- 
ferentiation of  color. 

Similarly,  if  we  are  called  upon  to  explain  the  function  of  a  secreting 
gland,  sach,  e.  g.,  as  the  liver,  there  is  uo  difficulty  in  underetaudiug 
that  inasmuch  as  the  whole  gland  consists  of  lobules  which  resemble 
each  other  exactly,  and  eacb  lobule  is  likewise  made  up  of  cells  which 
are  all  alike,  eacb  individual  cell  must  be  capable  of  performing  all  the 
fiinotions  of  the  whole  organ.  But  when  by  exact  experiment  we  leam 
that  tbe  liver  {Kissesses  not  one  function  but  mauy,-rwhen  we  know 
that  it  ia  a  storehouse  for  animal  starcb,  and  that  each  cell  possesses 
the  power  of  separating  waste  coloring  matter  from  the  blood,  and  of 
manufacturing  several  kinds  of  crystallizable  proilucts,  some  of  which 
it  sends  in  one  direction  and  others  in  the  opposite,  we  find  again  that 
tbe  correlation  nietliod  fails  us,  and  that  all'that  our  knowledge  of  the 
minute  structure  has  done  for  us  is  to  set  before  us  a  question  which 
though  elemeutAry,  we  are  quite  unable  to  answer. 

By  multiplying  examples  of  the  *same  kind,  we  should  in  each  case 
come  to  the  same  issue,  namely,  plurality  of  /unction  with  unity  of 
structure,  tbe  unity  being  represented  by  a  simple  stmctuml  element — 
be  it  retinal  cone  or  celt — possessed  of  numerons  endowments.  When- 
ever this  point  is  arrived  at  in  any  investigation,  structure  must  for  the 
moment  cease  to  be  our  guide,  and  in  general  two  courses  or  alterna- 
tives are  ojien  to  ns.  One  is  to  fall  back  on  that  worn-out  Dem  ex  ma- . 
ckina — protoplasm,  as  if  it  affonled  a  sufficient  explanation  of  everything 
which  cannot  be  explained  otherwise,  and  accordingly  to  defer  the  con- 
sideration of  the  functions  which  have  no  demoustrable  connection  with 
structure  iis  for  tbe  present  l»eyond  tbe  scope  of  investigation ;  the  other 
is,  retaiuiug  our  hold  of  the  fundamental  principle  of  correlation,  to 
take  tbe  problem  in  reverse,  t.  e.,  to  use  analysis  of  function  as  a  guide 
to  the  ultra-microscopical  analysis  of  structure. 

I  need  scarcely  say  that  of  these  two  courses  the  first  ia  wrong,  the 
second  right,  for  in  following  it  we  still  bold  to  the  fiindameuta)  prin- 
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dple  that  living  material  acts  by  virtue  uf  its  structure,  provided  that 
«e  allow  the  term  structure  to  be  used  in  a  eeuse  which  caniea  it  be> 
fontl  the  limits  of  anatomical  investigation,  i.  e.,  beyond  the  knowledge 
whieb  can  be  attained  either  by  the  Rcal|>el  or  the  microscope.  We 
tbos  (as  I  have  said)  proceed  from  luiiction  to  stractare,  instead  of  the 
other  way.    -    -    - 

At  present  the  fnndamental  questioDS  in  physiology, — the  problems 
which  most  urgently  demand  solution,  are  those  which  relate  to  the 
eodowmenta  of  apparently  strnctureless  living  matter,  and  the  problem 
of  the  future  will  be  the  analysis  of  these  endowments.  With  this 
view,  what  we  have  to  do  is  first,  to  select  those  cases  in  which  the  vital 
process  offers  itself  in  its  simplest  form,  ami  is  consequently  best  under- 
stood; and  secondly,  to  inquire  bow  far  in  these  particnlar  instances 
vu  may,  taking  as  oar  guide  the  principle  1  have  so  often  mentioned  as 
fiiDdaoieDtal,  viz,  the  correlation  of  structure  with  function,  of  mech- 
anism with  action,  proceed  in  drawing  inferences  as  to  the  mechauism 
by  which  these  vital  processes  are  in  these  simplest  cases  actually  car- 
ried out. 

The  most  distinctive  peculiarity  of  living  matter,  as  compared  with 
non-living,  is  that  it  is  ever  changing  while  ever  the  same,  i.  e.,  that  life 
is  a  state  of  ceaseless  change.  For  our  present  purpose  I  must  usk 
;oa,  first,  to  distinguish  between  two  kinds  of  change  which  are  equally 
characteristic  of  living  organisms,  namely,  those  of  growth  aud  decay 
OD  the  one  baud,  and  those  of  nutrition  on  the  other.  Growth,  the 
biologist  calls  evolution.  Growth  means  the  unfolding,  t.  e.,  develop- 
ment of  the  latent  potentialities  of  form  and  structure  which  exist  in 
the  germ,  and  which  it  has  derive<l  by  inheritance.  A  growing  orgau- 
ism  is  not  the  same  to-day  as  it  was  yestenlay,  aud  cbnsequeutly  not 
quite  the  same  now  as  it  was  a  minute  ago,  and  never  again  will  be. 
This  kind  of  change  I  am  going  to  ask  you  to  exclude  from  considera- 
tion altogether  at  this  moment,  (for  in  truth  it  does  not  belong  to 
Pbysifllogv,  but  rather  to  Morphology,)  and  to  limit  your  atteutiou  to 
the  other  kind  which  includes  all  other  vital  pbenomeua.  I  designated 
it  just  now  as  nutrition,  but  this  word  expresses  my  meaning  very  in- 
adequately. The  term  which  has  been  used  for  half  a  century  to  des- 
ignate the  sum  or  complex  of  the  Dou-developmental  activities  of  an 
organism  is  "  exchange  of  material,"  for  which  Professor  Foster  has 
giren  the  very  acceptable  substitute  metabolism.  Metabolism  is  only 
another  word  for  "  change,"  but  in  using  it  we  understand  it  to  mean 
that  although  au  oiganism  in  respect  of  its  development  may  never  be 
what  it  has  been,  the  phases  of  alternate  activity  and  repose  which 
mark  the  flow  of  its  life-stream  are  recurrent.  Life  is  a  cyelosis  in 
which  the  organism  returns  after  every  cycle  to  the  same  point  of  de- 
parture, ever  changing — yet  ever  the  same. 

It  is  this  antithesis  which  constitutes  the  essential  distinction  between 
the  two  great  branches  of  biology,  the  two  opi>usite  aHt>ectBjn  which 
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the  vurid  of  life  preaeats  itself  to  the  inqniring  mind  of  miio.  Seetl 
from  the  morphological  side,  the  whole  plant  and  snimAl  kingdom  oon- 
stitutes  the  anfolding  of  a  structural  plau  which  was  once  latent  in  a 
form  of  living  material  of  great  apparent  simplicity.  Prom  the  phys- 
iological side  this  apparently  simple  material  is  seen  to  be  capable  of 
the  discharge  of  functions  of  great  complexity,  and  therefore  must 
possess  corresponding  complexity  of  mechanism.  It  is  the  natoreof 
this  invisible  mecbautsiD  that  physiology  thirsts  to  know.  Althoagh 
little  progress  has  as  yet  been  made,  and  little  may  as  yet  be  possible, 
in  satisfying  this  deaire,  yet,  as  I  shall  endeavor  to  show  yon,  the  exist- 
ing knowledge  of  the  subject  has  so  far  taken  consistent  form  in  the 
minds  of  the  leaders  of  physiological  thonght,  that  it  ia  now  possible  to 
distinguish  the  <1irection  in  which  the  soberest  speculation  is  tending. 

The  non-developmental  vital  functions  of  protoplasm  are  the  stisorp- 
tiou  of  oxygen,  the  discbarge  of  carbon  dioxide  and  water  and  am- 
monia, the  doing  of  mechaiitciil  work,  the  production  of  heat,  light,  and 
electricity.  All  these,  excepting  the  last,  are  known  to  have  chemical 
actions  as  their  inseparable  concomitants.  As  reganls  electricity,  we 
have  no  proof  of  the  depeudence  of  the  electrical  properties  of  plants 
and  animals  on  chemical  action.  But  all  the  other  activities  which 
have  Iteen  mentioned  are  fnudamentally  obemicat. 

Let  us  first  coneider  the  relation  of  oxygen  to  living  matter  and  vital 
process.  For  three  qnarters  of  a  century  after  the  fundamental  discor- 
eries  of  Lavoisier  and  Priestley  (1772-'7G)  the  accepted  doctrine  was 
that  the  effete  matter  of  the  body  was  brought  to  the  lungs  by  the  cir- 
culation and  burnt  there,  of  wbich  fact  the  carbon  dioxide  expired 
seemed  an  obvious  proof.  Then  came  the  discovery  that  arterial  blood 
contained  more  oxygen  than  veuQus  blood,  and  consequently  that  oxy- 
gen must  be  conveyed  as  such  by  the  blood  stream  to  do  ita  purifying 
work  in  all  parts  of  the  body. 

Between  1872  and  1876,  as  the  result  of  an  iliibornte  series  of  investi- 
gations of  the  resjiiratory  process,  the  proof  w,is  given  by  PflUger* 
that  the  function  of  oxygen  in  the  living  organism  is  uot  to  destroy 
effete  matter  either  here  or  there,  but  rather  to  serve  as  a  food  for  pro- 
toplasm, which  so  long  as  it  lives  is  capable  of  charging  itself  with  this 
gas,  absorbing  it  with  such  avidity,  that  although  its  own  substance 
retains  its  integrity,  no  free  oxygen  can  exist  in  its  neighborhood.  The 
generally  accepted  notion  of  efl'ete  matter  waiting  to  be  oxidized,  was 
associated  with  a  more  general  one,  viz,  that  the  elaborate  structure  of 
the  body  was  not  permanent,  but  constantly  undergoing  decay  and  re- 
newal. What  we  have  now  learnt  is  that  the  material  to  be  oxidized 
comes  as  much  from  the  outside,  as  the  oxygen  which  burns  it,  though 
the  re-action  between  them,  i.  e.,  the  oxidation,  is  intrinsic,  *.  e.,  takes 
place  within  the  living  molecular  frame- work. 

*  Pflilger"8  Jrc*tr,  1672,  vol.  vi,  p.  43;  and  I«5,  v.il.  x,  p.  2^1.  "Itebcrilie  |>hjHi- 
ol»);isobe  VerbreauDDg  iu  dun  lebeatligeu  Organ  in  riieu,"  (.(KWlf 
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Protot>lasni  therefore  (understanding  by  the  terra  the  visible  and 
tangible  presentation  to  oar  senses  of  living  material)  comes  to  consist 
of  two  tilings,  uiitnely,  of  franiv-work  and  of  content, — of  chaoDel  and 
of  stream, — of  acting  part  which  lives  and  is  stable, — of  acted-on  part 
which  lias  never  lived  and  is  labile,  that  is,  in  a  state  of  metabolism,  or 
chemical  transformation. 

If  sncli  be  the  relation  between  the  Uving  frame- work  and  the  stream 
which  bathes  it,  we  mnst  attribnte  to  this  living,  stable,  acting  part  a 
property  whicb  is  characteristic  of  the  bodies  called  in  physiological 
iBDgnage  ferments  or  ensymea,  the  proiterty  which,  following  Berzelius, 
ve  have  for  the  last  half  century  expresaeil  by  the  word  catalytic, 
which  we  use,  without  thereby  dainutig  to  understand  it,  to  indicate  a 
mode  of  action  in  which  the  agent  whicb  produces  tbe  change  does  not 
itself  take  part  in  the  decompositions  which  it  produces. 

I  have  brought  you  to  this  point  as  the  outcome  of  what  we  know  as 
to  the  essential  natnre  of  the  alt-important  relation  between  oxygen 
and  life.  In  botanical  physiology  the  general  notiou  of  a  stable  cala- 
lyeiiig  frame- work,  and  of  an  interstitial  labile  material,  which  might  be 
called  catalyte,  has  been  arrived  at  on  quite  other  grounds.  This  no- 
tion is  represented  in  plant  physiology  by  two  wonis,  both  of  wbicb 
correspond  in  meaning, — Micellie,  the  word  devised  by  Niigeli,  and  the 
better  word,  Tagmata,  substituted  for  it  by  Pfeffer.  Niigeli's  word  has 
been  adopted  by  Professor  SachB  as  the  expression  of  his  own  thought 
ill  relation  to  the  ultra-microHUopical  structure  of  the  protoplasm  of  the 
plant  cell.  His  view  is  that  certaiu  well-known  properties  of  organized 
bodies  require  for  their  explanation  the  admission  that  the  simplest  vis- 
ible structure  is  itself  matlo  up  of  an  arrangement  of  units  of  a  far  in- 
feriororder  of  miontHiesB.  It  is  these  hypothetical  onits  that  Niigeli 
bus  called  Micellee. 

Now,  Nageli*,  in  the  first  instance,  confonnded  the  micelliP  with  mole- 
cules, conceiving  that  the  molecule  of  living  matter  muat  be  of  enor- 
mous size.  But  iaasDiuch  as  we  have  no  reason  for  believing  that  any 
form  of  living  material  is  chemically  homogeneous,  it  was  soon  recog- 
niied,  perhaps  first  by  Pfeller,t  but  eventually  also  by  Niigeli  himself, 
that  a  luicellffi,  the  ultimate  clement  of  Uving  material,  is  not  equiva- 
lent to  a  molecule,  however  big  or  complex,  bat  mast  rather  be  an 
arrangement  or  phalaux  of  molecules  of  diSerent  kinds.  Hence  the 
word  Tagma,  first  used  by  Pfeffer,  has  come  to  be  accepted  as  best  ex- 
pressing the  notion.  And  here  it  mast  be  noted  that  each  of  the  pbysi- 
iologists  to  whom  reference  has  been  made,  regards  the  micellie,  not  as 
a  mere  aggregate  of  separate  paiticles,  but  as  connected  together  so  as 
to  form  a  system ; — a  conception  whicb  is  in  harmony  with  the  view  I 
gave  yon  jnst  now  from  the  side  of  animal  physiology,  of  catalysing 
frame- work  and  ioteistitial  catalysable  material. 

'Nageli,  "TbeorieaerOikhnin);,"  nei'rag  sar  Maleeular  Phgtiologit,  1879,  p.  131. 
IPfeOer,  PJIaiueiipks/nologie,  Leipsic,  l*il,  p.  Vi,  CjOO<jIc 
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To  Professor  Sachs,  tbis  porous  constitntioD  of  protoplasm  serves  to 
explain  tbe  property  of  vital  turgesceuce,  tbat  is,  ita  power  of  chai^- 
iog  itself  with  aqueous  liquid; — a  power  which  Sachs  estimates  to  be 
so  eoonnouB  that  liviug  protoplasm  may,  he  believes,  be  able  to  con- 
dense water  which  it  takes  iuto  its  interstices  to  less  than  its  uonnal 
Tolnme.  For  the  moment  it  is  sufficient  forns  to  understand  tbat  to 
the  greateat  botauical  thinkers,  as  well  as  to  the  greatest  animal  physi- 
ologists, the  ultimate  uiecbauism  by  which  life  is  carried  on  is  not  as 
Professor  Sachs*  puts  it,  "slime,"  but  "a  very  distensible  and  exoevd- 
ingly  fine  net-work." 

And  now  let  us  try  to  get  a  step  further  by  crossing  back  in  thought- 
from  plants  to  animals.  At  first  sight  the  elementary  vital  processes 
of  life  seem  more  complicated  in  the  animal  than  in  tbe  plant,  but  they 
are  on  the  contrary  simpler;  for  plant  protoplasm,  though  it  may  he 
Btructurally  homogeneous,  is  dynamically  polyexgic, — it  lias  mauy  en- 
dowments— whereas  in  the  animal  organism  there  are  cases  in  which  a 
structure  has  only  one  function  assigucd  to  it.  Of  this  the  best  examples 
are  to  be  found  within  so-culled  excitable  tissues,  viz,  those  which  are 
differentiated  for  the  purpose  of  producing  (along  with  heat)  mcohanioal 
work,  light,  or  electricity.  In  tbe  life  of  the  plant  these  endowments, 
if  enjoyed  at  all,  are  enjoyed  in  common  with  others. 

By  the  study  therefore  of  muscle,  of  light  organ  and  of  electrical 
organ,  the  vital  mecbanisra  is  more  accessible  than  by  any  other  iwrtal. 
About  light  organs  we  as  yet  know  little,  bnt  the  little  we  do  know  is 
of  value.    Uf  electrical  organs  rather  more,  about  muscle  a  great  deal. 

To  the  case  of  muscle,  Engelmann,  one  of  tbe  best  observers  and 
thinkers  on  the  elementary  questions  which  we  have  now  before  us,  has 
transferred  the  terminology  of  Niigeli  and  Ffeffer  as  descriptive  of  the 
mechanism  of  its  contraction.  Muscular  protoplasm  differs  from  those 
kinds  of  liviug  matter  to  which  I  have  applied  Che  term  "  polyergic,"  in 
possessing  a  molecular  structure  comparable  with  that  of  a  crystal  in 
this  respect  that  each  portion  of  the  apparently  homogeneous  and  trans- 
parent material  of  which  it  consists  resembles  every  other. 

With  this  ultra- microscopical  structure,  its  structure  as  investigated 
by  the  microscope,  may  be  correlated,  the  central  fact  being  that,  just 
as  a  muscular  fiber  can  be  divided  into  cylinders  by  cross-sections,  so 
each  such  cylinder  is  made  up  of  an  indefinite  number  of  inconceivably 
niinnto  cylindrical  parts,  each  of  which  is  an  epitome  of  tbe  whole. 
These  Engelmaun,  following  Pfeffer,  calls  ino-tagmata.  So  long  as  life 
lasts  eucli  minute  phalanx  has  the  power  of  keeping  its  axis  parallel 
with  those  of  its  neighbors,  and  of  so  acting  within  its  own  sphere  as 
to  produce,  whenever  it  is  awakened  from  the  state  of  rest  to  that  of 
activity,  a  duxion  from  poles  to  equator.  In  other  words,  muscle,  like 
plant  protoplasm,  consists  of  a  stable  framework  of  living  catalysing 

'Sai'liH,  Krptrimeiilal-rhiifiolagif,  lUtXi,  p.  443;  and  Lecture*  o»  the  /"hgtielagj  »f 
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sabstance,  which  goverDS  the  mechanical  and  chemio^  changes  that 
ocear  in  the  interstitial  catalysable  inateria],  with  this  difference,  that 
liere  the  ultra- microscopical  structure  resembles  that  of  a  uniaxial 
crystal,  whereas  iu  plant  protoplasm  there  may  foe  no  evidence  of  sauh 
amingement.* 

Aocordiug  to  this  scheme  of  muscular  stractore,  the  contraction,  *.  e., 
the  change  of  form  which,  if  allowed,  a  mnscle  nndergoes  when  stimn- 
lated,  has  its  seat  uot  in  the  tagma,  but  iu  the  interstitial  material 
which  surronnds  it,  and  consists  in  the  migration  of  that  labile  material 
from  pole  to  eqnator,  this  being  synchronouB  with  explosive  oxidation, 
■sodden  disengagement  of  heat,  and  change  in  electrical  state  of  the 
living  substance.  Let  ns  now  see  how  far  the  scheme  will  help  ns  to 
Ml  understanding  of  this  marvellous  concomitance  of  chemical,  elec- 
trical, and  mechanical  change. 

It  is  not  necessary  to  prove  to  you  that  the  discharge  of  carbon  diox- 
ide and  the  production  of  heat  which  we  know  to  be  associated  with 
that  awakening  of  a  mnBclo  to  activity  which  we  call  stimulation  am 
indices  of  oxidation.  If  wo  take  this  fact  in  connection  with  the  view 
that  has  JQSt  been  given  of  the  mechanism  of  coiitractiou,  it  is  obvious 
that  there  most  be  in  the  sphere  of  tagma  an  accumulation  of  oxygen 
and  oxidizable  material,  and  that  concomitantly  with  or  antecedently 
to  the  migration  of  liquid  from  pole  to  eqnator  these  must  come  into 
enconnter.  Let  us  for  a  moment  suppose  that  a  soluble  carbo-hydrate 
K  the  catalysable  material,  that  this  is  accumulated  eqnatorially,  and 
oxygon  at  the  poles,  and  consequently  that  between  equator  and  poles 
water  and  carbon  dioxide,  the  only  products  of  the  explosion,  are  set 
fnn.  That  the  process  is  really  of  this  nature  is  the  conclnsiou  to  which 
an  elaborate  btndy  of  the  electrical  phenomena  which  accompany  it,  has 
led  one  of  the  most  eminent  physiologists  of  the  present  time,  Professor 
Bernstein,  t    To  this  I  wish  for  a  moment  to  iisk  yoar  attention. 

Professor  Bernstein's  view  of  the  molecnlar  structure  of  muscular 
protoplasm  is  in  entire  accordance  with  the  theory  of  Pflilger  and  with 
tlio  scheme  of  Engelmann,  with  this  addition,  that  each  ino-tagma  is 
electrically  polarized  when  in  a  state  of  rest,  depolarized  at  the  moment 
of  excitation  or  stimnlation,  and  that  the  axes  of  the  tagmata  are  so 
dbected  that  they  are  always  parallel  to  the  surface  of  the  fiber,  and 
consequently  have  their  positive  sides  exposed.  In  this  amended  form 
the  theory  admits  of  being  harmonized  with  the  fundamental  facts  of 
moscle-electricity,  namely,  that  cut  surfaces  are  negative  to  sound  sur- 
faces, and  excited  pnrts  to  inactive/ provided  that  the  direction  of  the 
hypothetical  polarization  is  from  equator  to  pole,  t.  e.,  that  iu  the  rest- 
ing state  the  poles  of  each  tagma  are  charged  with  negative  ions,  the 


'Brllcke,  Vortctangm,  2d  edition,  vol.  It,  p.  497. 

1  Bt>rtiBt«iD,  "NeaeTboorie  dvr  KrifgnngsvorKiitiKe  UDd  clectriRclien  Eraheinnngeii 
*a  den  Nerven-  nod  Htukel-faserti,"  Vvlertu^titigeH  aaa  dm»  t'hgtiologitehtH  Inititnt, 
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pqiiators  with  jHwilive,  aud  cousequeiitly  tbat  tLe  itirevtioii  of  tlie  dis- 
clinrge  in  tlie  catatyte  at  tbe  moment  tbat  tbe  polarization  disappears, 
ia  from  pole  to  equator. 

Time  forbids  me  even  to  attempt  to  explain  how  tbis  theory  enables 
U8  to  express  more  eoisistently  the  accepled  explanations  of  many  col- 
lateral phenomena,  particularly  those  of  eleutrotonns.  I  am  content  to 
show  you  tbat  it  is  not  impossible  to  regard  the  three  phenomena,  tIe, 
chemieiil  explosiou,  sudden  electrical  change,  and  cbange  of  form,  as 
all  manifestations  of  one  and  the  same  process, — as  prodncts  of  the  same 
mechauisui. 

In  phtnle,  in  certain  organs  or  part«  in  wbicb  movement  takes  place* 
as  in  masclets  in  response  to  stimulation,  tbe  physiological  oonditionsare 
tbe  same  or  similar,  but  the  structural  very  different ;  for  the  efifoct  is 
produced  not  by  a  change  of  form,  but  by  adiminationot  volameof  tbe 
excited  part,  and  this  consists  not  of  fibers  but  of  cells.  Tbe  way  in 
wbicb  tbe  diminution  of  volume  of  tbe  whole  organ  is  brought  aboatts 
by  diminntion  of  tbe  volume  of  each  cell,  an  effect  which  can  obviously 
be  produced  by  flow  of  liquid  out  of  tbe  cell.  At  first  sight  therefore 
the  differences  are  much  more  striking  than  tbe  resemblances. 

But  it  is  not  so  in  reality.  For  the  more  closely  we  fix  our  attention 
on  the  elementary  process  rather  than  on  tbe  external  form,  tbe  stronger 
npi>ears  tbe  analogy — the  more  complete  tbe  corres[M)n deuce.  The  state 
of  turgor,  as  it  has  been  long  called  by  botanical  physiologists,  by  virtue 
of  which  tbe  frame-work  of  the  protoplasm  of  the  plant  retains  its  eon- 
tent  n'itb  a  tenacity  to  wbicb  I  have  already  referred,  is  the  aaalogae 
of  the  state  of  polarization  of  Bernstein.  As  regards  its  state  of  aggre- 
gation, it  can  scarcely  be  doubted  tbat  inasmuch  as  the  electrical  con- 
comitants of  excitation  of  the  plant  cell  so  closely  correspond  with 
those  of  muscle,  here  also  tbe  tagmata  are  cylindrical,  and  have  their 
axes  parallel  to  each  other.  Beyond  this  we  ought  perhaps  not  to  allow 
speculation  to  carry  ua,  but  it  is  8carc«Iy  possible  Co  refrain  flrom  con- 
necting this  inference  with  tbe  streaming  motion  of  protoplasm,  which 
in  living  plant  cells  is  one  of  the  indices  of  vitality.  If,  asmnstl  think 
be  supposed,  this  movement  is  interstitial,  t.  e.,  dne  to  the  mechanical 
action  of  tbe  moving  protoplasm  on  itself,  we  can  most  readily  under- 
stand its  nieelianism  as  consisting  in  rhythmically  recurring  iibases 
of  close  and  open  order  in  tbe  direotiou  of  the  tagmatio  axes. 

1  have  thus  endeavored— building  on  two  principles  iu  physiology,— 
firstly,  tbat  of  the  constant  correlation  of  meohanism  and  action,  of 
structure  and  function, — and  secondly,  the  identity  of  plant  and  animal 
life — both  as  regards  mechanism  and  structure,  and  on  two  experiment* 
ally  ascertained  elementary  relations,  viz,  the  relation  of  living  matter 
or  protoplasm  to  water  on  tbe  one  hand  and  to  oxygen  and  food  on  tbe 
other, — to  present  in  part  the  outline  or  sketch  of  what  might  (if  I  bad 
time  To  complete  it)  be  an  adequate  conception  of  the  mechaoiam  and 
process  of  life  as  tt  presents  itKelf  under  the  simplest  conditions. 


KLEMENTARY    PROBLEMS   IN    PHYSIOLOGY.  431 

To  complete  tbia  ontline,  80  far  as  I  cau  to-day,  I  have  but  oue  otber 
coDsideration  to  bring  before  yoD,  one  which  is  connected  with  the  laat 
of  my  foar  points  of  departure, — that  of  the  relation  of  oxygen  to  proto- 
plasm, a  relation  which  springs  out  of  the  avidity  with  which,  without 
being  oxidized  or  even  sensibly  altered  in  chemical  constitntion,  it  seizes 
Dpon  oxygen  and  stores  it  for  its  own  purposes.  The  consideration 
irhich  this  suggests  is  that  if  the  oxygen  and  oxidizable  material  are 
constantly  storetl,  tbey  most  either  constantly  or  at  intervals  be  dis- 
cliarged;  and  iuaemach  as  we  know  that  in  every  instance,  without 
exception,  in  which  heat  is  produced  or  work  is  done,  these  processes 
have  discbarge  of  water  and  of  carbon  dioxide  for  their  concomitants, 
we  are  jnstifled  in  regarding  thesn  discharges  as  the  sign  of  exjienditare, 
tbe  charging  with  oxygen  as  the  sign  of  restitatioii.  In  other  words,  a 
Dew  characteristic  of  liviqg  process  springs  out  of  those  we  have  already 
bad  before  us,  namely,  that  it  is  a  constantly  recurring  alternation  of 
opposite  and  complementary  states,  that  of  activity  or  discbarge,  that 
of  rest  or  restitution. 

Is  itso  or  is  itnotT  In  the  mindsof  most  physiologists  tbe  distinction 
between  the  phenomena  of  discbarge  and  the  phenomena  of  restitution 
{Erkolung)  is  fundamental,  but  beyond  this,  unanimity  ceases.  One  dis- 
tiDguisbed  man  in  Oennany  and  oue  iu  England— Professor  Bering  and 
Dr.  Gaskell — have  taken,  on  independent  grounds,  a  different  view  to 
the  one  saggested,  according  to  which  life  consists  not  of  alternations 
between  rest  and  activity,  charge  and  discharge,  loading  and  exploding, 
but  between  two  kinds  of  activity,  two  kinds  of  explosion,  which  differ 
oDly  in  the  direction  in  which  they  act,  in  tbe  circamstance  that  tbey 
are  antagonistic  to  each  other. 

Now  when  we  compare  the  two  processes  of  rest,  which  as  regards 
living  matter  means  restitution,  and  discharge  which  means  action, 
with  each  other,  they  may  further  be  distinguished  in  this  respect,  that 
whereas  restitution  is  autonomic,  t.e.,  goes  on  continuously  like  tbe  ad- 
ministrative functions  of  a  well-ordered  commnuity,  tbe  other  is  occa- 
sional, i.  e.,  takes  place  only  at  the  suggestion  of  external  influences ; 
Ibat,  in  other  words,  the  contrast  between  action  and  rest  is  (iu  i  elation 
to  protoplasm)  essentially  the  same  as  between  waking  and  steeping. 

It  is  in  accordance  with  this  analogy  between  tbe  alternation  of  wak- 
ing and  sleeping  of  tbe  whole  organisni,  and  the  corresponding  alterna- 
tion of  restitution  and  discharge,  ofevery  kind  of  living  substance,  that 
l>bysiologists  by  common  consent  use  tbe  term  stimulus  {Reiz,  Prikkeling), 
meaning  thereby  nothing  more  than  that  it  is  by  external  disturbing  or 
interfering  influence  of  some  kind  that  energies  stored  in  living  materinl 
are  [for  the  most  part  suddenly)  discharged.  Now,  if  I  were  to  main- 
tain tbat  restitution  is  not  autonomic,  but  determined,  as  wnking  is,  by 
sn  external  stimulus, — that  it  differed  from  waking  only  iu  thedirectiou 
ofwbich  tbe  stiuml-itioQ  acts,*,  e.,  in  tbe  tendency  towards  construction 
OD  tbe  one  band,  towards  destruction  on  tbe  other,  1  should  fairly  and 

as  clearly  as  possible  express  the<]octrinewbicb,asI  have  said,  tbe'dWo 
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distiugumhed  teachers  I  bave  mcntioued,  viz,  Dr.  Gaskell  and  Profraeor 
Ilering,*  have  embodied  in  words  which  have  now  hecome  familiar  to 
every  student.  Thewoidsiu  qnestinii,  anabolisni,  which  being  inter- 
preted means  winding  up,  and  catabotism,  running  down,  are  tbecrea- 
tiun  of  Dr.  Gaskell.  Professor  nering^Hpqiiivalents  for  these  are  assim- 
ilation, which  of  coarse  means  etorafre  of  oxygeu  and  oxidizahle 
material,  and  disassimilation,  discharge  of  these  in  the  altered  form  of 
carbon  dioxide  aud  water.  Bnt  the  point  of  the  tbeory  which  attaches 
to  them  lies  in  this,  that  that  wonderful  power  which  living  material 
enjoys  of  continually  building  itself  up  out  nf  its  environment  is,  as  I 
have  alrea<1y  suggested,  not  autonomic,  but  just  as  dependent  on  occa- 
sional and  cxiemal  inflneucos  or  stimuli,  as  we  know  the disintegratiDg 
processes  to  be;  and  acconlingly  Hering  finds  it  necessary  to  Inclade 
under  the  term  Htimnli  not  only  those  which  determine  action,  bnt  t« 
create  a  new  class  of  stimuli  which  he  calls  AgsimilationsBeKe,  those 
which,  in8tea<1  of  waking  living  mechanism  to  action,  provoke  it  to 
rest. 

It  is  unfortuuiitely  impossible  within  the  compass  of  an  address  like 
the  present,  to  place  before  you  the  wide  range  of  ex])erimental  focts 
which  have  led  two  of  the  strongest  intellects  of  oar  time  to  adopt  a 
theory  which,  when  looked  at  d^priori,  seems  so  contradictory.  I  must 
content  myself  with  mentioning  that  Hering  was  led  to  it  chiefly  by  the 
study. of  one  of  the  exami>les  to  which  I  referred  in  my  introdnotion, 
namely,  the  color- discriminating  functions  of  the  retina,  Dr.  Gaskell  by 
the  study  of  that  very  instruc'ivocluss  of  phenomena  which  reveal  to  us 
that  among  the  channels  by  which  the  brain  maintains  its  sovereign 
power, as  supreme  regulator  of  all  the  complicated  processes  which  go 
on  in  the  different  parts  of  the  animal  organism,  there  are  some  which 
convey  only  commands  to  action,  others  commands  to  rest,  the  former 
being  called  by  Gaskell  cataholic,  the  latter  anabolic.    -    -    - 

I  have  indicated  to  you  that  althougli  scientific  thought  does  not,  like 
speculative,  oscillate  from  side  to  side,  but  marches  forward  with  aeon- 
tinned  and  uninterrupted  progress,  the  stages  of  that  progress  may  bo 
marked  by  characteristic  tendencies;  aud  I  have  endeavored  to  show 
that  in  physiology  tbe  questions  which  concentrate  to  themselves  the 
most  lively  interests  are  those  which  lie  at  the  basis  of  tbe  elementary 
mechanism  of  life-  The  word  life  is  used  in  ]diysiology  in  what,  if  yon 
like,  may  be  called  a  technical  sense,  and  denotes  only  that  state  of 
change  with  permanence  which  I  have  endeavored  to  set  forth  to  you. 
In  this  restricted  sense  of  the  word  therefore,  the  question  "  What  is 
Life  t "  is  one  to  which  the  answer  is  approachable ;  hut  1  need  not  say 
that  in  a  higher  sense — higher  because  it  appeals  to  higher  facaltiefl  in 
our  nature — the  word  suggests  something  outside  of  mechanism,  vbich 
may  perchance  be  its  cause  rather  than  its  effect. 

■  Hering,  Zur  Thmrie  VorgSage  (n  rfw  UbeniigtH  Suhglani,  Pragae,  1888,  pp.  1-^ 
S«e  also  a  pajwr  by  Dr.  Uiiokoll  in  Linl wig's  Featickrifl,  Leipsic,  18BU,  p.  115, 
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Tbe  tetideiicy  to  recognize  aacli  n  relatiou  na  tbis,  is  what  we  loeaii  by 
vitalism.  An  anti-Titalistic  tendency  accotupanied  tbe  great  ndvauce 
uf  knowledge  that  took  place  at  tbe  middle  of  the  century.  But  even 
at  tbo  height  of  this  inovemeut  tbere  was  a  reaction  towards  vitalisui, 
of  vbicb  Virchow,"  tbe  founder  of  uioderu  pathology,  was  the  greatest 
exponent.  Now,  a  generation  later,  n  tendency  iu  the  same  direction  in 
maDifestiug  itseU'iu  vjinous quarters.  Whatdoes  this  teudeucy  meant 
It  has  to  my  mind  the  same  significance  uow  that  it  had  then,  thirty 
years  ago  tbe  discovery  of  tho  cell  as  the  biisis  of  vital  function  was 
Dew,  and  the  mystery  wbicli  before  belonged  to  tbe  organism  was  trans- 
ferred to  the  unit,  which,  while  it  served  to  explain  everything,  was 
itself  unexplained.  The  discovery  of  tbe  cell  seemed  to  be  a  very  close 
approach  to  the  mechanism  of  life,  bnt  now  we  ar«  striving  to  get  even 
closer,  and  with  the  same  result.  Our  measuremeuts  are  more  exact, 
our  metbods  finer ;  but  these  very  methods  bring  ns  to  close  quarters 
with  phenomena  which,  although  within  reach  of  exact  investigation, 
are  as  regards  their  essence  involved  in  a  mystery  which  is  the  more 
profound  the  more  it  is  brought  into  contrast  with  the  exact  knowledge 
we  poiisess  of  surrounding  conditions. 

If  what  I  have  said  is  true,  there  is  little  ground  for  the  apprehension 
that  exists  in  tbe  miudsof  some,  that  the  habitofscrutinizingthe  mech- 
anism of  life  tends  to  make  men  regard  what  can  be  so  learned  as  the 
oDly  kind  of  knowledge.  The  tendency  is  now  certainly  rather  in  tbe 
other  direction.  What  we  have  to  guard  against  is  the  mixing  of  two 
methods,  and  so  far  as  we  are  concerned,  the  intrusion  into  our  subject 
of  philosophical  speculation.  Let  us  willingly  and  with  our  hearts  4I0 
homage  to  -'divine  philosophy,"  but  let  that  homage  be  rendered  out- 
side the  limits  of  our  science.  Let  those  who  are  so  inclined,  cross  tbe 
Trontier  and  philosophize;  but  to  me  it  uppers  more  conducive  to  pro- 
gress that  we  should  do  our  best  to  furnish  profeasetl  philosophers  with 
unch  facts  relating  to  structure  and  mechanism  as  may  serve  them  as 
aidsia  tbe  investigation  of  tboae  deeper  problems  which  concern  man's 
relations  to  tbe  past,  tbe  present,  and  the  unknown  future. 

'Vircliow,  "Altec  nod  oeDur  TitalUmos,"  Jrchiv  JUr  path.  Anal.  U^,  vol.  IX,  p.  1. 
See  also  Biudfleiwb,  Atrltliche  Fhilotopliie,  TVQrzbnrg,  tSdd,  pp.  tO-13. 
H.  Mis.  22J 28 


n,g,t,7l.dM,GOOglC 


n,g,t,7l.dM,GOOglC 


ON  BOSOOVICH'S  THEOKY." 


By  Sir  William  Thompbom. 


Witbont  a«ceptiDg  Boscovicb's  fundameutal  doctriue  that  tfae  nlti- 
mate  atoms  of  matter  are  points  eudowed  each  witli  inertia  aod  vith 
mataal  attraetaons  or  repulsioDB  dependout  ou  mutoal  diBtaDoea,  aud 
that  all  the  propertiea  of  matter  are  doe  to  equilibrium  of  these  forces, 
and  to  motions,  or  cbangea  of  motion  produced  by  them  wbeii  they  are 
Dot  balanced,  we  can  learn  sometliing  towards  an  understanding  of  tbe 
real  molecular  structure  of  matter,  aod  of  some  of  its  thermo-dynamio 
propertieB,  by  consideration  of  thu  static  and  kinetic  problems  which 
it  SDggests.  Hooke's  exhibition  of  the  forms  of  crystals  by  piles  of 
globes,  Naviers'  aud  Foissou's  theory  of  the  elasticity  of  solids,  Max- 
well's aod  Clausius'  work  in  the  kinetic  theory  of  gases,  and  Tait's 
more  recent  work  on  the  same  subject — all  developments  of  Boscovich's 
theory  pure  and  simple — amply  justify  this  statement. 

Boscovicb  made  it  an  essential  in  his  theory  that  at  the  smallest  dis- 
tances there  is  repulsion,  and  at  greater  distances  attraction ;  ending 
with  infinite  repulsion  at  infinitely  small  distance,  and  with  attraction 
according  to  Kewtonian  law  for  all  distances  for  which  this  law  has 
been  proved.  He  suggested  numerous  transitions  from  attraction  to 
repulsiou,  which  he  illustrated  graphically  by  a  curve — the  celebrated 
Boscovich  curve — to  explain  cohesion,  mutual  pressure  between  bodies 
in  contact,  chemical  affinity,  aod  all  possible  properties  of  matter — ex- 
cept heat,  which  he  regarded  as  a  sulphureous  essence  or  virtue.  It 
seems  now  wonderful  that  after  so  clearly  stating  his  fundamental  pos- 
tulate which  ineinded  inertia,  he  did  not  see  inter- molecular  motion  as 
a  necessary  consequence  of  it,  and  so  discover  the  kinetic  theory  of  heat 
for  solids,  liquids,  and  gases;  and  that  he  only  used  his  inertia  of  tbe 
atoms  to  explain  tbe  known  phenomena  of  tbe  inertia  of  palpable  masses, 
or  assemblages  of  very  large  numbers  of  atoms. 


o  Section  A  of  tie  ItritiHli  AsaoFiatioD  A.  S.,  at  NnwcuBtle,  Se]i- 
temlwr  13,  1889.  (/ic^iorl  of  lli'-  Ilriti»h  AaswiaUun,  vol.  MX,  pp.  4'J4-iW.  Alsn,  .Vn- 
*»*,  OcU>l>ei  3,  18l»,  vol.  xi^  pp.  54&-M7.) 
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It  is  also  woDderfal  bow  macli  towards  expliuning  the  crystallogra- 
phy  and  elasticity  of  solids,  and  the  thetmo-elastic  properties  of  solids, 
liqnids,  and  gases,  we  flod  without  assuming  more  than  one  transition 
from  Attraction  to  repulsion.  Snppose  for  instance  the  mutual  force 
between  two  atoms  to  be  repulsive  when  the  distance  between  them  is  < 
Z;  zero  when  it  is  =  Z ;  and  attractive  when  it  is  >  Z :  and  consider 
the  equilibrium  of  groups  of  atoms  under  these  conditions. 

A  gronp  of  two  would  be  in  eqnilibrinm  at  distance  Z,  and  only  at 
this  distance.    This  equilibrium  is  stable. 

A  gronp  of  three  would  be  in  stable  equilibrium  at  the  corners  of  an 
equilateral  triangle,  of  sides  Z ;  and  only  in  this  configuration.  There 
is  no  other  configuration  of  equilibrium  except  with  the  three  io  one 
line.  There  is  one,  and  there  may  be  more  than  one,  conflgaraCion  of 
unstable  equilibrium,  of  the  three  atoms  in  one  line. 

The  only  confignration  of  stable  eqnilibrinm  of  four  atoms  ia  at  the 
corners  of  an  equilateral  tetrahedron  of  edges  Z.  There  ia  one,  and 
there  may  be  more  than  one  configuration  of  unstable  eqnilibrinm  of 
each  of  the  following  descriptions : 

(1)  Three  atoms  at  the  corners  of  an  equilateral  triangle,  and  one  at 
its  center. 

(2)  The  four  atoms  at  the  corners  of  a  square. 
{3)  The  four  atoms  in  one  line. 

There  is  no  other  coufiguration  of  equilibrium  of  four  atoms,  subject 
to  the  conditions  stated  above  as  to  mntaal  force. 

In  the  oral  comninnication  to  Sectiou  A,  importaut  questions  as  to 
the  equilibrium  of  groups  of  five,  six,  or  greater  finite  numbers  of 
atoms  were  suggested.  They  are  considered  in  a  communication  by  the 
anthor  to  the  Boyal  Society  of  Edinborgh,  of  July  15,  to  be  published 
in  the  Proceedings  before  the  end  of  the  year.  The  Boscoviuhian  foun- 
dation for  the  elasticity  of  solids  with  no  inter-molecular  vibrations  was 
slightly  sketched,  in  the  communication  to  Section  A, as  follows: 

Every  infinite  homogeneous  assemblage'  of  Bosoovich  atoms  is  in 
equilibrium.  So  therefore  is  every  finite  homogeneous  assemblage,  pro- 
vided that  extraneous  foi'ces  be  applied  to  all  within  influential  dis- 
tance of  the  frontier,  equal  to  the  forces  which  a  homogeneous  continu- 
ation of  the  assemblage  tbrongh  influential  distance  beyond  the  frontier 
would  exert  on  them.  The  investigation  of  these  eztraneons  forces  for 
any  given  homogeneous  assemblage  of  single  atoms,  or  of  groups  of 
atoms,  as  explained  below,  constitutes  the  Bosoovich  eqnilibrinm-theory 
of  elastic  solids. 

To  investigate  the  equilibrinm  of  a  homogeneous  assemblage  of  two 

'•'HoaiogentOH»  a«ifeBibUigeo/poinU,oia/aronp'Hfpoiiil*,aTo/hoiit»,orof»g*l»m*ff 
bodiei,''  ia  An  exprassion  which  needs  no  defioitioii,  becaase  it  speaks  fiit  itself  nn- 
atabigDanHly.  The  geometricnl  Hiibject  of  liDmogeneouH  assemblages  is  treated  with 
lierfect  siiiiplicit;  and  gon^l'ality  by  ftruvais,  in  tlie  Journal  dt  TBmlf  Pctfltdmift, 
oabiersiz,  pp.  l-i'iS.     (Paris,  ltj50.) 
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or  more  stome,  imagiue  in  a  homogcneons  assemblage  of  groupu  of  i 
atoms,  all  the  atoms  except  one  helddxed.  This  one  experieuces  zero 
'  resultant  force  from  all  the  points  corresponding  to  it  in  the  whole  as- 
Bemblage,  since  it  and  they  constitatea  homogeneons  assemblage  of 
sJDgle  points.  Hence  it  experienees  zero  reaaltant  force  also  from  all 
the  other*— 1  assemblages  of  single  points.  This  condition,  fiilfilled 
for  each  one  of  the  atoms  of  tbecompoand  molecule,  clearly  suffices  for 
the  eqailibrinm  of  the  assemblage,  whether  the  constituent  atoms  of  the 
compoaud  molecule  are  similar  or  dissimilar. 

When  alt  the  atoms  are  similar — that  is  to  say,  when  the  matnal  force 
is  the  same  for  the  same  distance  between  every  pair — it  might  be  sap- 
posed  that  a  homogeDeouB  assemblage,  to  be  in  equilibrium,  must  be  of 
single  points;  but  this  is  not  true,  as  we  see  syntbetioally,  without  ref- 
erence to  the  qnestiou  of  stability,  by  the  following  examples,  of  homo- 
geoeona  assemblages  of  symmetrical  groups  of  points,  with  the  condition 
of  equilibrium  for  each  when  the  mntnal  forces  act. 

Preliminars. — Consider  an  equilateral*  homogeneons  assemblage  of 
single  points,  O,  O,  etc.  Bisect  every  line  between  nearest  neighbors 
by  a  piano  perpendicnlar  to  it  These  planes  divide  space  into  rhombic 
dodekabedroDB.  Let  AiOAj,  AiUA«,  AgOA;,  A,OA(,  be  the  diagonals 
throagb  the  eight  trihedral  angles  of  the  dodekahedron  inclosing  O,  and 
let  2a  be  the  length  of  e»ch.  Place  atoms  Q„  Q„  Q,,  Q,,  Q:»  Q„  Q4,  Qa, 
on  these  lines,  at  equal  distances,  r,  from  O;  and  do  likewise  for  every 
other  point,  O,  O",  etc.,  of  the  infinite  homogeneous  assemblage.  We 
thus  have,  aronnd  each  point  A,  four  atoms,  Q,  Q',  Q",  Q'",  contributed 
by  the  four  dodekahedrons  of  which  trihedral  angles  are  cootigaoos  in 
A,  and  fill  the  space  aroand  A.  The  distance  of  each  of  these  atoms 
from  A  is  a  —  r. 

Suppose,  now,  r  to  be  very  small.  Mutual  repulsions  of  tbe  atoms  of 
the  groDps  of  eight  around  tbe  points  O  will  preponderate.  But  sup- 
pose a—r  to  be  very  small :  mutual  repulsions  of  tbe  atoms  of  the 
gronpB  of  four  around  the  points  A  will  preponderate.  Hence  for  some 
valne  of  r  between  O  and  a,  there  will  be  equilibrium.  There  may  (ac- 
cording to  the  law  of  force)  be  more  than  one  value  of  r  between  O  aM 
o  giving  equilibrium;  but  whatever  be  tbe  law  of  force,  there  is  one 
value  of  r  giving  stable  equilibrium,  supposing  the  atoms  to  be  con- 
strained to  the  lines  OA,  and  tbe  distances  r  to  be  constrainedly  equal. 
It  is  clear  from  the  symmetries  around  O  and  around  A,  that  neither  of 
tiiese  constraints  is  necessary  for  mero  equilibrium  ;  but  without  them 
tiie  equilibrium  might  be  unstable.  Thus  we  have  found  a  homogene- 
ous eqnilateral  distribution  of  eigbt-atom  groups,  in  eqnilibriam.  Simi- 
tarty,  by  placing  atoms  on  the  three  diagonals,  BjOBi,  B,OBj,  BjOBg 

'This  iiie*Dii  Biiab  Bn  RBsemblsge  as  Ibat  of  the  oentera  ofeqnal  globes  pilud  bomo- 
geneoaalj,  oa  in  the  ordinary  trial) KolBr-baMd,  or  sqnare-baMd,  or  obloDg-rectaQgle- 
boMd  pyrmoiidH  of  rouDd  ahot  or  of  billiard  batls.  /-~  t 
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tbroDgh  tbe  six  tetrabedral  angles  of  the  tloilekahedron  around  O,  ne 
find  a  bomogeneoas  eqailateral  diBtribation  of  aix-atotn  {groups,  in  eqni' 
libriam. 

Place  now  an  atom  at  each  point  O-  The  eqnilibriam  will  be  dis- 
tnrbed  \a  each  case,  but  there  Till  be  equilibrium  with  a  different 
valaeof  r  (Btill  between  o  and  a).  Thus  we  have  nine-atom  groups  and 
Bevenatom  groape. 

Thus  in  all,  we  have  foand  homogeneoas  distribntiona  of  six-atom,  of 
seven -atom,  of  eigbt-atom,  and  of  nine-atom  groups,  each  iu  eqailibriam. 
Without  stopping  to  look  for  more  complex  groups,  or  for  five-atom,  or 
fonr-atoni  groups,  we  find  a  homogeneous  distribution  of  three-atom 
groui>8  in  eqailibrinm  by  placing  an  atom  at  every  point  O,  and  at  each 
of  the  eight  points  Ai,  As,  A;,  A«,  Ai,  A7,  At,  Ag.  Thus  we  see  by  ob- 
serving that  each  of  these  eight  A's  is  common  to  four  tetrahedrons  of 
A's,  and  is  in  the  center  of  a  tetrahedron  of  O's;  because  it  is  a  common 
trihedral  comer  poiut  of  four  contiguous  dodekahedrons. 

Lastly,  choosing  A„  A3,  A4,  so  that  the  angles  A,OAi,A|OA],  A|OA,. 
areeach  obtuse,*  we  make  a  homogeneous  assemblage  of  two-atom  groups 
iu  equilibrium  by  placing  atoms  at  O,  Ai,  Ai,  Aj,  A^.  There  are  fonr 
obvious  ways  of  seeing  this  as  an  asBemblage  of  di-atomic  groups,  one 
of  which  is  as  follows:  Choose  A|  and  O  as  one  pair.  Through  At,  A], 
A,  draw  lines  same-wards  parallel  to  A,0,  and  each  equal  to  A|0. 
Their  ends  lie  at  the  centers  of  neighboring  dodekahedrons,  which  pair 
with  A»,  A3,  A„  respectively. 

For  the  Boscovich  theory  of  the  elasticity'  of  solids,  the  consideration 
of  this  homogeneous  assemblage  of  double  atoms  is  very  important. 
Remark  that  every  O  is  at  tbe  center  of  an  equilateral  tetrahedron  of 
four  A's;  snd  every  A  is  at  the  center  of  an  equal  and  similar,  and 
same-ways  oriented,  tetrahedron  of  O's.  Tbe  corners  of  each  of  these 
tetrahedrons  are  respectively  A  and  three  of  its  twelve  nearest  A  neigh- 
bors ;  and  O  and  three  of  its  twelve  nearest  O  neighbors. 

|By  aid  of  an  illustrative  model  showing  four  of  the  one  set  of  tetra- 
hedrons with  their  corner  atoms  painted  blue,  and  one  tetrahedron  of 
atoms  iu  their  ceuters,  painted  red,  the  mathematical  theory  which  tbe 
auBior  bad  communicated  to  the  Boyal  Society  of  Edinburgh,  was  itlns- 
trated  to  section  A.] 

In  this  theory  it  is  shown  that  in  an  elastic  solid  constituted  by  a 
single  homogeneous  assemblage  of  Boscovich  atoms,  there  are  in  gen- 
eral two  different  rigidities,  n,  ni,  and  one  bulk-modulus,  it;  between 
which  there  is  essentially  the  relation  3£  =  3»  +  2ki,  whatever  be  the 
law  of  force.  The  law  of  force  may  be  so  adjusted  as  to  make  n^  =  n; 
and  in  this  case  we  have  3k  =  6r,  which  is  Poisson's  relation.  But  no 
such  relation  is  obligatory  when  the  elastic  solid  consists  of  a  homoge- 

'  TbiR  aliu)  makea  A^OAi,  A,OA.,  and  AjOAt  each  obtuM.     Eaob  of  tbeM  ail  Dblnn 

•Dglesineqiinl  to  190-008.1(1).  .-,  . 
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neoDs  assemblage  of  double,  or  triple  or  multiple  Hoscovich  atoms.  On 
Che  contrary,  any  arbitrarily  cliosen  values  may  be  given  to  the  bulk- 
raodnlus  ami  to  the  rigidity,  by  proper  adjustment  of  the  law  of  force, 
eventbougli  v,g  take  nothing  more  complex  than  the  homogeneous 
assemblage  of  double  Boscovieh  atoms  above  described. 

Tbemost  interesting  and  important  part  of  the  subject,  the  kinetic, 
was,  for  want  of  time,  but  slightly  toncfaed  in  the  commaDication  to 
Section  &..  The  author  hopes  to  enter  on  it  more  fully  in  a  fntiire 
commanication  to  the  Uoyal  Society  of  Edinburgh. 
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THE  MODERN  THEORY  OF  LIGHT.* 


By  Prol'.  Oliver  J.  Lodge. 


To  persous  occnpied  in  ntlier  brandies  of  learninf;,  aud  not  directly 
engaged  iu  tlie  study  of  pbysical  science,  some  rumor  mast  probably 
bavetravellcdof  the  stir  and  activity  manifest  at  tbe  present  time  aoiODg 
tbe  votaries  of  tbat  department  of  knowledge. 

It  may  serve  a  nseful  purpose  if  I  try  and  explain  to  ontaiders  what 
thJH  Btir  is  mainly  about  and  why  it  exists.  There  is  a  proximate  nod 
there  is  an  ultimate  canse.  Tbe  proximate  cause  is  certain  experimeota 
eibibitiug  in  a  marked  and  easily  recognizable  way  the  already  theoret- 
ically predicted  connection  between  electricity  and  light.  Tbe  ultimate 
cause  is  that  we  begin  to  feet  inklings  aud  foretastes  of  tbeories,  wider 
tlian  tbat  of  gravitatiou,  more  fnodamental  than  any  theories  which 
hare  yet  been  advanced  j  theories  wliich,  if  successfully  worked  ont, 
vill  Gdiry  tbe  banner  of  physical  science  far  into  the  dark  continent  of 
metaphysics,  and  will  illuminate  with  a  clear  philosophy  much  that  at 
present  is  only  dimly  guessed.  More  explicitly,  we  begin  to  perceive 
chinks  of  insight  into  the  natures  of  electricity,  of  lether,  of  elasticity, 
aud  even  of  matter  itself.  We  begin  to  bave  a  kinetic  theory  of  the 
]>hyHical  universe. 

We  arc  living,  not  in  a  Newtonian,  but  at  the  beginning  of  a  perhaps 
still  greater,  Thomsoniao  era.  Greater  not  becausi^  any  one  man  is 
probably  greater  than  Newtou,f  but  because  of  the  stupendonsness  of 
the  problems  now  waiting  to  be  solved.  There  are  a  dozen  men  of 
great  magnitude,  either  now  living  or  but  recently  deceased,  to  whom 
what  we  now  know  towards  these  generaliziitions  is  in  some  measure 
doe,  and  the  epoch  of  complete  development  may  hardly  be  seen  by 
those  DOW  alive.  It  is  proverbially  rash  to  attempt  prediction,  but  It 
wems  to  me  that  it  may  well  take  a  period  of  fifty  years  for  these  great 
strides  to  be  fully  accomplished.    If  it  does,  and  if  progress  goes  on  at 

*  Being  tbe  geoera)  subataDce  of  ft  lecture  to  tbe  AahiuoleAn  Society  in  the  UoiTef' 
ntj  of  Oxford,  od  Hondaj,  Jnne  3,  1889.  (Unireriity  College  Magatint,  Liverpool, 
Jnlj,  1880.  vol.iv,  pp.90-99.) 

>Thoagh  indeed  a  centnrjr  hence  it  ma;  be  prematnro  to  offer  an  opinion  on  Bach 
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anything  like  its  present  rate,  the  aepect  of  pb^Bical  scieace  bequeathed 
to  the  latter  half  of  the  twentieth  century  vill  indeed  excite  admiration, 
and  when  the  popnlace  are  saflBciently  educated  to  appreciate  it,  nil) 
form  a  worthy  theme  for  poetry,  for  oratoiioe,  and  for  great  works  of 
art. 

To  attempt  to  give  any  idea  of  the  drift  of  progress  in  all  the  direc- 
tions which  I  have  hastily  mentioned,  to  attempt  to  explain  the  begin- 
nings of  the  theories  of  elasticity  and  of  matter,  woald  take  too  long,  and 
might  only  result  iu  confusion.  I  will  limit  myself  chiefly  to  giving 
some  notion  of  what  we  have  gained  iu  knowledge  concerning  electric- 
ity, ietber,  and  light.  Even  that  is  far  too  mach  ;  I  find  I  runst  con- 
fine myself  principally  to  light,  andonly  treat  of  the  others  as  incidental 
tA  that. 

For  now  well-nigh  a  centary  we  have  had  a  wave  theory  of  light ;  and 
a  wave  theory  of  light  is  quite  certainly  true.  It  is  directly  demonstra- 
ble that  light  consists  of  waves  of  some  kind  or  other,  and  that  these 
waves  travel  at  a  certain  well-known  velocity,  seven  times  the  circom- 
ference  of  the  earth  per  second,  taking  eight  minutes  on  the  journey 
from  the  sun  to  the  earth.  This  propagation  in  time  of  an  nndalatorj' 
disturbance  necessarily  involves  a  medium.  If  waves  setting  out  from 
the  sun  exist  in  space  eight  minutes  before  striking  our  eyes,  there 
must  necessarily  be  iu  space  some  medium  in  which  they  exist  and 
which  conveys  them.  Waves  we  can  uot  have  unless  they  be  wavesin 
something. 

No  ordinary  medium  is  competent  to  transmit  waves  at  anything  like 
th|j  speed  of  light,  hence  the  Inminiferous  medium  must  be  a  special 
kipd  of  substance,  and  it  is  called  the  letber.  The  luminiferous  fether  it 
used  to  be  called,  because  the  conveyance  of  light  was  all  it  was  then 
known  to  be  capable  of;  but  now  that  it  is  known  to  do  a  variety  of 
other  things  also,  the  qualifying  adjective  may  be  dropped. 

Wave  motion  in  iether,  light  certainly  is ;  but  what  does  one  mean  by 
the  term  wave  f  The  popular  notion  is,  I  snppose,  of  something  Ueav- 
iu£  up  and  down,  or  perhaps  of  something  breaking  on  the  shore  in 
which  it  is  possible  to  bathe.  But  if  yon  ask  a  mathematician  what  he 
means  by  a  wave,  he  will  probably  reply  that  the  simplest  wave  is 

y=a  sin  {pt — nx) 

and  he  might  possibly  refuse  to  give  any  other  answer. 

And  in  refusing  to  give  any  other  answer  than  this,  or  its  eqaivaleot 
in  ordinary  words,  he  is  entirely  justified;  that  is  what  is  meant  by  the 
term  wave,  and  nothing  less  general  would  be  all-inclusive. 

Translated  into  ordinary  English  the  phrase  signifies  "  a  disturbance 
periodic  both  in  space  and  time ."  Anything  thus  donbly  periodic  is  a 
wave ;  and  all  waves,  whether  in  air  as  sound  waves,  or  in  lether  as  light 
waves,  or  on  the  surface  of  water  as  ocean  waves,  are  compreheodedin 
the  definition.  Di,ii'iM,GoO<jlc 
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What  propertieB  are  essential  to  a  tnediuui  capable  of  transmitting 
wAvemottonf  Roagbly  we  may  say  two:  elatticiti/AuA inertia.  Elas- 
ticity in  some  form,  or  some  equivaleot  of  it,  in  order  to  be  able  to  store 
np  eaergy  and  effect  recoil ;  inertia,  ia  order  to  eoable  tbe  disturbed 
anbstance  toover-sboot  tbe  mark  and  oscillate  beyond  its  place  of  eqai- 
libriam  to  and  fro.  Any  medinin  possessing  these  two  properties  can 
transmit  wares,  and  unless  a  medium  possesses  these  properties  in  some 
form  or  other,or  some  equivalent  for  them,  it  may  be  said  with  moder- 
ate secarity  to  be  incompetent  to  transmit  waves.  Bat  if  ve  make  this 
latter  statement  one  mast  be  prepared  to  extend  to  tbe  terms  elasticity 
and  inertia  their  very  largestaud  broadest  signification,  so  as  to  include 
any  possible  kind  of  restoring  force,  and  any  possible  kind  of  iiersist- 
ence  of  motion  respectively. 

These  matters  may  be  illustrated  in  many  ways,  bnt  perhaps  a  sim- 
ple loaded  latb  or  spring  in  a  vise  will  serve  well  enough.  Pull  aside 
one  end,  and  its  elasticity  tends  to  make  it  recoil ;  let  it  go  and  its  in- 
ertia causes  it  to  over-shoot  its  normal  position ;  both  causes  together 
cause  it  to  swing  to  and  fro  till  its  energy  is  exhausted.  A  regnlar 
series  of  sucb  springs  at  equal  intervals  in  space,  set  going  at  Tegular 
intervals  of  time  one  after  the  other,  gives  you  at  once  a  wave  motion 
aad  appearance  which  tbe  most  casual  observer  must  recognize  as  such. 
A  series  of  pendulums  will  do  just  as  welt.  Any  wave-transmitting 
roedinm  must  similarly  possess  some  form  of  elasticity  and  of  inertia. 

Bnt  now  proceed  to  ask  what  is  this  letber  which  in  the  case  of  light 
is  thus  vibrating  1  Wbatcorresponds  to  the  elastic  displacment  and  re- 
coil of  tbe  spring  or  pendulum  t  Wbat  corresponds  to  the  inertia 
whereby  it  over-sboots  its  mark  f  Do  we  know  these  properties  in  the 
■ietheriu  any  other  way  t 

The  answer,  given  first  by  Clerk  Maxwell,  and  now  reiterated  and 
inHlsted  on  by  experiments  performed  in  every  important  laboratory  in 
ilie  world,  is: 

*     The  elastic  displacement  corresponds  to  electro-static  charge 
(roughly  speaking,  to  electricity), 
Tbe  inertia  corresponds  to  magnetism. 
This  is  tbe  basis  of  the  modern  electro-magnetic  theory  of  light.    Now 
let  me  illustrate  electrically  how  this  can  be. 

The  old  and  familiar  operation  of  charging  aLeydeu  jar— the  storing 
up  of  energy  in  a  strained  dielectric — any  electro-staticcbarging  what- 
ever—is  quite  analogous  to  the  drawing  aside  of  our  flexible  spring. 
It  is  making  use  of  the  elasticity  of  the  lether  to  produce  a  tendency  to 
tecoil.  Letting  go  the  spring  is  analogous  to  permitting  a  discharge  of 
tbe  jar — ^permitting  tbe  strained  dielectric  to  recover  itself— tbe  elec- 
tro-static disturbance  to  subside. 

In  nearly  all  the  experiments  of  electro-statics  letberial  elasticity  is 


Next  consider  inertia.    How  would  one  lllnstrate  the  fact  that  water, 
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for  iuiitanc«,  possesses  inertin — the  power  of  peraiatiDg  id  motion  against 
obstacles — the  power  of  possessing  kiuetic  energy  T  The  most  direct 
way  woald  be,  t^o  tAlie  a  stream  of  water  and  try  saddeuly  to  stop  it 
Opett  a  water  tap  freely  and  then  saddeuly  efaat  it  The  impetus  or 
inomentDm  of  the  stopped  water  makes  itself  manifest  byavioleot  ^oek 
to  the  pipe,  with  which  everybody  must  be  familiar.  This  momentam 
of  water  is  utilized  by  engineers  in  the  "  water-ram." 

A  precisely  analogous  experiment  in  electricity  is  what  Faraday 
called  "the  extra  cnrrent."  Send  a  current  tbrongfa  a  coil  of  wiieroDnd 
a  piece  of  iron,  or  take  any  other  Arrangement  for  developing  powetfiil 
magnetism,  and  then  suddenly  stop  the  current  by  breaking  the  oircnit 
A  violent  dash  occurs  if  the  stoppage  is  sudden  enough,  a  flash  which 
means  the  bursting  of  the  insulating  air  partition  by  the  accnmulated 
electro  magnetic  momentum. 

Briefly  we  may  say  that  nearly  all  electro-magnetic  experiments  illns- 
trato  the  fact  of  aetherial  inertia. 

Now  retnrn  to  consider  what  happens  when  a  charged  conductor  (say 
a  Leyden  jsr)  is  discharged.  The  recoil  of  the  strained  di-electric  cansee 
a  current,  the  inertia  of  this  current  caases  it  to  over-shoot  the  mark, 
and  for  an  instant  the  charge  of  the  jar  is  reversed;  the  current  now 
flows  backwards  and  charges  the  jar  up  as  at  first;  back  again  flows 
the  current,  and  so  on,  charging  and  reversing  the  charge  with  rapid 
oscillations  until  the  energy  is  all  dissipated  into  heat  The  operatioD 
is  precisely  analogous  to  the  release  of  a  strained  spring,  or  to  the  pluck- 
ing of  a  stretched  string. 

But  the  discharging  body  thus  thrown  into  strong  electrical  vibration 
ia  embedded  in  the  all-pervading  iBther,  and  we  have  just  seen  that  the 
lether  possesses  the  two  properties  requisite  for  the  generation  and  trsna- 
niission  of  waves,  viz,  elasticity,  and  inertia  or  density  ;  hence  jnst  as 
a  tuning-fork  vibrating  in  iiir  excites  aenal  waves  or  sound,  so  a  dis- 
cliarging  Leydon  jar  iu  attber  excites  fetberial  waves  or  light 

.i4-Jtherial  waves  can  therefore  be  actaally  produced  by  direct  electri- 
cal means.  I  discharge  here  ajar,  and  the  room  is  for  an  instAut  Alle<l 
with  light  With  light,  I  say,  though  you  can  see  nothing.  Yon  can 
see  and  hear  the  spark  indeed  (but  that  is  a  mere  secondary  disturb- 
ance we  can  for  the  present  ignore),  I  do  not  mean  any  secondary  dis- 
turbance. I  meau  the  true  letherial  waves  emitted  by  the  electric  oscil- 
lation going  on  in  the  neighborhood  of  this  recoiling  di-eleotric  Yon 
jiull  aside  the  prong  of  a  tuning-fork  and  let  it  go:  vibration  follows 
and  sound  is  produced.  Yon  charge  a  Leyden  jar  and  let  it  discharge: 
vibration  follows  and  light  is  excited. 

It  is  light,  just  as  good  as  any  other  light  It  travels  at  the  same 
pace,  it  is  reflected  and  refracted  accoriing  to  the  same  laws ;  every 
experiment  known  to  optics  can  be  performed  with  this  letherial  radia- 
tion electrically  produced,  and  yet  yon  cannot  see  it  Why  noti  For 
DO  fault  of  the  light,  the  fanlt  (if  there  be  a  fault),  is  in  the  eye.    The 
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retjoa  is  inoompeteDt  to  respond  to  these  vibrations — tbe;  are  too  slow. 
The  ribradoDS  set  ap  wbeo  this  large  jar  is  discharged  are  from  a  ban- 
dred  thoasaod  to  a  milUoD  per  second,  bat  that  is  too  slow  for  the  retina. 
It  responds  only  to  vibrations  between  400  billion  and  800  billion  > 
per  sectmd.  The  vibratious  are  too  quick  for  the  ear,  which  responds 
obIj*  to  vibrations  between  40  and  40,000  per  .second.  Between  the 
highest  aadible  and  the  lowest  risible  vibrations  there  haa  been  hither- 
to a  great  gap,  which  these  electric  oscillations  go  far  to  fill  ap.  There 
has  been  a  great  gap  simply  becaase  we  have  no  intermediate  sense 
or^an  to  detect  rates  of  vibration  between  40,000  and  400,000,000,- 
000,000  per  second.  It  wus  therefore  an  nnexplored  territory.  Waves 
have  been  there  all  the  time  in  any  qnaotity,  but  we  have  not  thought 
atwnt  them  nor  attended  to  them. 

It  happens  that  I  have  myself  succeeded  in  getting  electric  oscilla- 
tions so  slow  as  to  be  audible,  the  lowest  I  have  got  at  present  are  125 
per  second,  and  for  some  way  above  this  the  sparks  emit  a  musical 
note ;  bat  uo  one  has  yet  succeeded  in  directly  making  electric  oscilla- 
tions that  are  visible, — thoagh  indirectly  every  one  does  it  wheu  he 
lights  a  candle. 

Here  however  is  an  electric  oscillator  which  vibrates  300  million 
times  a  second,  and  emits  aetherial  waves  a  yard  long.  The  whole  range 
of  vibrations  between  musical  tones  and  some  thousand  million  per 
second,  is  now  filled  np. 

These  electro-magnetic  waves  have  long  been  known  on  tbe  side  of 
theory,  bet  interest  in  them  has  been  immensely  quickened  by  the  dis- 
covery of  a  receiver  or  detector  for  them.  The  great  though  simple 
discovery  by  Hertz  of  an  "electric  eye,"  as  Sir  W,  Thomson  calls  it, 
makes  experiments  on  these  waves  for  the  first  time  et^sy  or  even  pos- 
sible. We  have  uow  a  sort  of  artificial  sense  organ  for  their  apprecia- 
tion,— an  electric  arrangement  which  can  virtually  "see"  these  inter- 
mediate rates  of  vibration. 

The  Hertz  receiver  is  the  simplest  thing  in  the  world;  nothing  but  a 
bit  of  wire  or  a  pair  of  bits  of  wire  adjusted  so  that  when  immersed  in 
strong  electric  radiation  they  give  minute  sparks  across  a  microscopic 
^gap. 

The  receiver  I  have  here  is  adapted  for  the  yard-long  waves  emitted 
from  this  small  oscillator;  but  for  the  far  longer  waves  emitted  by  a 
discharging  Leyden  jar  an  excellent  receiver  is  a  gilt  wall-paper  or 
other  interrupted  metallic  surface.  The  waves  falling  upon  the  metallic 
sorbce  are  reflected,  and  in  the  act  of  redexion  excite  electric  currents, 
which  caose  sparks.  Similarly,  gigantic  solar  waves  may  produce 
aoTorse ;  and  minute  waves  f^m  a  candle  do  electrically  disturb  the 
retina. 

The  smaller  waves  are  however  far  the  most  interesting  and  the 
most  tractable  to  ordinary  optical  experiments.  From  a  small  oscilla- 
tor, whi<di  may  be  a  couple  of  small  cylinders  kept  sparking  into  each 
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other  end  to  end  by  an  induction  coil,  vaves  are  emitted  on  which  all 
tnanner  of  optical  experiments  van  be  performed. 

They  can  be  reflected  by  plain  sheetB  of  metal,  concentrated  by  para- 
bolic reflectors,  refracted  by  prisms,  concentrated  by  lenses.  I  hareat 
the  college  a  large  lens  of  pit«h,  weighing  over  three  hundred- weight, 
for  concentrating  them  to  a  focns.  They  can  be  made  to  show  the  phe- 
nomenon of  interference,  and  thus  have  their  wave-length  accurately 
measured.  They  are  stopped  by  all  conductors  and  transmitted  by  all 
insulators.  Metals  are  opaque,  but  eveu  imperfect  insulators  such  as 
wood  or  stone  are  strikingly  transparent,  and  waves  may  be  received 
iu  one  room  from  a  source  in  another,  the  door  between  the  two  being 
shut. 

The  real  nature  of  metallic  opacity  aud  of  trauspareucy  has  long 
been  clear  in  Maxwell's  theory  of  light,  and  these  electrically  produced 
waves  only  illustrate  and  bring  home  the  well  known  tacts.  The  ex- 
periments of  Hertz  are  in  fact  the  apotheosis  of  that  theory. 

Thus  then  in  every  way.  Maxwell's  1865  brilliant  perception  of  the  real 
nature  of  light  is  abundantly  justified;  and  for  the  flrst  time  we  have 
a  true  theory  of  light,  no  longer  based  upon  analogy  with  sonnd,  nor 
npon  a  hypothetical  jelly  or  elastic  solid. 

Light  is  an  electro-magnetic  disturbance  of  the  lether.  Optics  is  a 
branch  of  electricity.  Outstanding  problems  in  optics  are  being  rap- 
idly solved,  now  that  we  have  the  means  of  definitely  exciting  light 
with  a  full  perception  of  what  we  are  doing  and  of  the  precise  mode 
of  its  vibration. 

It  remains  to  find  out  how  to  shorten  down  the  waves — to  huny  np 
the  vibration  until  the  light  becomes  visible.  Nothing  is  wanted  but 
quicker  modes  of  vibration.  Smaller  oscillators  must  be  nsed — vei^' 
much  smaller — oscillators  not  ranch  bigger  than  molecules.  In  all  prob- 
ability (one  may  almost  say  certainly)  ortlinary  light  Is  the  result  of 
electric  oscillation  in  the  moleculesof  hot  bodies,  or  sometimes  of  bodies 
not  hot,  as  in  the  phenomenon  of  phosphorescence. 

The  direct  generation  of  visible  light  by  electric  means,  so  soon  as  we 
have  learnt  how  to  attain  the  necessary  frequency  of  vibration,  will  have 
most  important  practical  consequences. 

Speaking  iu  this  university  it  is  happily  quite  unnecessary  for  me  to 
bespeak  interest  in  a  subject  by  any  reference  to  t>ossible  practical  ap- 
plications. But  any  practical  application  of  what  I  have  dealt  with  this 
evening  is  apparently  so  far  distant  as  to  be  free  from  any  sordid  gloss 
of  competition  and  company  promotion,  and  is  interesting  in  itself  as  a 
matter  of  pore  science. 

For  consider  our  present  methods  of  making  artificial  light;  they  are 
both  wasteful  and  ineflTective. 

We  want  a  certain  range  of  oscillation,  between  800  and  400  billion 
vibrations  per  second;  no  other  is  useful  to  us,  because  no  other  has  any 
e&iect  ou  our  retina;  but  we  do  not  know  how  to  produce  vlbratioiu  of 
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this  rate.  We  can  produce  a  definite  vibration  of  cue  or  two  buudreil 
or  ttioiisaud  per  second;  in  other  words,  we  can  excite  a  pnre  tone  of 
defluite  pitch,  and  we  can  command  any  desired  range  of  aach  tones  con- 
tinuously by  means  of  bellows  and  a  keyboard.  We  can  also  (though 
the  fact  is  less  well  known)  excite  momentarily  defluite  fetherial  vibra- 
tions of  some  million  per  second,  as  I  bare  explained  at  length ;  but  we 
do  not  at  present  seem  to  know  how  to  maintain  this  rate  qnitecontina- 
onsly.  To  get  much  faster  rates  of  vibration  than  this  we  have  to  fall 
back  npon  atoms.  We  know  how  to  make  atoms  vibrate ;  it  is  done  by 
what  we  call  "beating"  the  substance,  and  if  we  could  deal  with  indi- 
ridual  atoms  uDfaampereil  by  others,  it  is  possible  that  we  might  get  a 
pure  and  simple  mode  of  vibration  from  them.  It  is  possible,  but 
Qolikely ;  for  atoms,  even  when  isolated,  have  a  multitude  of  modes  of 
vibration  special  to  theuiselves,  of  which  only  a  few  are  of  practical  use  ' 
to  ns,  and  we  do  not  know  how  to  excite  some  without  also  the  others. 
Hovever,  we  do  not  at  present  even  deal  with  individual  atoms ;  We 
treat  them  crowded  together  in  a  compact  mass,  so  that  their  modes  bf 
vibration  are  really  infinite. 

We  take  a  lump  of  matter,  say  a  carbon  filament  or  a  piece  of  quick- 
lime, and  by  raising  its  temperature  we  impress  upon  its  atoms  higher 
and  higher  mo4les  of  vibration,  not  transmuting  the  lower  into  the 
bigher,  bnt  superposing  the  higher  upon  the  lower,  until  at  length  we 
get  snch  rates  of  vibration  as  our  retina  is  constructed  for,  and  we  are 
Hatisfled.  But  how  wasteful  and  indirect  and  empirical  is  the  procels. 
We  want  a  small  range  of  rapid  vibrations,  and  we  know  uo  better  than 
to  make  the  whole  series  leading  ap  to  them.  It  is  as  thoagh,  in  order 
to  sound  some  little  shrill  octave  of  pipes  in  an  organ,  we  were  obliged 
to  depress  every  key  and  every  pedal,  aud  to  blow  a  young  biirrioaDe. 

I  have  pnrposely  selected  as  examples  the  most  perfect  methods  of 
obtaining  artificial  light,  wherein  the  waste  radiation  is  only  useleis, 
and  not  noxious.  But  the  old-fashioned  plan  was  cruder  even  than  this ; 
it  consisted  simply  iu  setting  something  burning,  whereby  not  the  fuel 
bat  the  air  was  consumed,  whereby  also  a  most  powerful  radiation  was 
produced,  iu  the  waste  waves  of  which  we  were  content  to  sit  stewing, 
for  the  sake  of  the  minute,  almost  infinitesimal,  fraction  of  it  which 
enabled  us  to  see. 

Everyone  koows  now  however,  that  combustion  is  not  a  pleasant  or 
healthy  mo4le  of  obtaining  light ;  but  everybody  does  not  realize  that 
ueither  is  incandescence  a  satisfactory  and  unwasteful  method  which  is 
likely  to  be  praticed  for  more  than  a  few  decades,  or  perhaps  a  century. 

Look  at  the  furnaces  and  boilers  of  a  great  steam-engine  driving  a 
group  of  dynamos  and  estimate  the  energy  exi>ended,  and  then  look  at 
the  incandescent  filaments  of  the  lamps  excited  by  them,  and  estimate 
how  mnch  of  their  radiated  energy  is  of  real  service  to  the  eye.  It  will 
be  as  the  energy  of  a  pitch-pipe  to  au  entire  orchestra. 

It  is  not  too  Qiach  to  say  that  a  boy  turning  a  handle  could,  if  liiii 
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energy  were  properly  directed,  produce  qoite  as  much  real  light  aa  is 
produced  by  alt  this  mass  of  mechanism  and  consamption  of  materiiL 
There  might  perhaps  be  something  contrary  to  the  laws  of  nature  ia 
thuB  hoping  to  get  and  utilize  some  speciflo  kind  of  radiation  withoat 
the  rest,  bat  Lord  Bayletgh  has  shova  iu  a  short  communicatton  to  the 
British  Association  at  York  that  it  is  not  so,  and  that  therefore  ne  hare 
a  right  to  try  to  do  it. 

We  do  not  yet  know  how,  it  is  true,  bnt  it  is  one  of  the  things  we  bave 
got  to  learn. 

Any  one  looking  at  a  common  glow-worm  must  be  strnck  with  tbe 
fact  that  not  by  ordinary  combustion,  nor  yet  ou  tbe  steam-engine  and 
dynamo  principle,  is  that  easy  light  produced.  Very  little  waste  radia- 
tion is  there  from  phosphorescent  things  iu  general.  Light  of  the  kind 
able  to  affect  the  retina  is  directly  emitted  ;  and  for  this,  for  eren  & 
large  supply  of  this,  a  modicum  of  energy  enffices. 

Solar  radiation  consists  of  waves  of  all  sizes,  it  is  troe ;  bnt  then  solar 
radiation  has  innumenible  things  to  do  besides  making  things  visthle. 
Tbe  whole  of  its  energy  is  usefal.  In  artiflcial  lighting  nothing  bnt  light 
is  desire<l ;  when  heat  is  wanted  it  is  best  obtained  separately,  by  com- 
bustion. And  80  soon  as  we  clearly  recognize  that  light  is  an  eleclrical 
vibration,  so  soon  shall  we  begin  to  beat  about  for  some  mode  of  escttiDg 
and  maintainingauelectricalribration  of  any  required  degree  of  rapidity 
When  this  has  been  accomplished,  the  problem  of  artificial  lighting  will 
have  been  solved. 
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MICHELSON'S  RECENT  RESEARCHES  ON  LIGHT.* 

By  Joseph  Loveeino,  President. 


For  many  generations  it  was  assamed  that  no  sensible  time  was 
taken  by  light  in  moving  over  tlie  largest  distances.  The  velocity  of 
sound  was  foaod  by  noting  the  time  wUicli  elapsed  between  seeing  the 
flash  autl  bearing  the  report  of  an  explosion.  It  was  ouly  in  the  vast 
spaces  of  astronomy  that  distances  existed  large  enough  to  unmask  the 
finite  velocity  of  light,  and,  in  extreme  oases,  to  make  it  seem  even  to 
loiter  on  its  way. 

The  satellites  of  Jupiter  were  discovered  by  Galileo  in  ICIO ;  and  the 
eclipses  of  these  satellites  by  the  shadow  of  Jupiter  became  an  inter- 
estiag  subject  of  observation.  It  was  soon  noticed  that  the  interval 
between  successive  eclipses  of  the  same  satellite  was  shorter  when  the 
earth  was  approaching  Jupiter,  and  longer  when  the  earth  was  receding 
from  Jupiter.  The  change  of  pitch  in  the  whistle  of  a  locomotive, 
nnder  similar  motions,  would  suggest  to  the  modern  mind  an  easy  ex- 
planation. A  Danish  astronomer,  Riimer,  without  the  help  of  tbis 
analogy,  deciphered  the  problem  in  astronomy.  The  eclipse  was  tele- 
enphed  to  the  observer  by  a  ray  of  light,  and  the  news  whs  hastened 
or  delayed  iu  proportiou  to  the  distance  from  which  it  came.  In  this  way 
it  was  discovered  that  light  took  about  eighteen  miuutes  to  run  over 
the  diameter  of  the  earth's  orbit.  This  discovery  was  publisbeil  by 
fiomer  in  the  Memoirs  of  tbe  French  Academy  iu  I67G.  The  mathe- 
matical astronomer  Delambre,  from  a  discussion  of  one  thousand  of 
these  eclipses  observed  between  1662  and  1S02,  found  for  tbe  velocity 
of  light  193,350  miles  a  second. 

Heanwliile  Riimer's  method,  after  fifty  years  of  waiting,  had  beeu 
sabetantially  confirmed  in  an  unexpected  quarter.  Dr.  Bradley,  of  the 
Greenwich  Observatory,  tbe  greatest  astronomical  observer  of  bis  day, 
was  perplexed  by  certain  periodical  fluctuations,  of  small  amouut,  iu 
tbe  poaitiou  uf  the  stars.  Suddenly  the  explanation  was  flashed  upon 
him  by  something  he  observed  while  yachting  on  the  River  Thames. 
He  noticed  that,  whenever  the  boat  turned  atwut,  the  direction  of  the 

'Ail  addreiB  delivered  before  tbe  American  Academy  of  Arts  onil  Soipnces,  at  the 
meetiug  of  April  10,  188;),  wboDthe  Rimifonl  ineilnls  wire  presented  Ut  I'rof.  A.  A. 
UlCBBLsoN.     (Prom  the  Froceedingi  of  thf  Jmerictm  Academi/;  vol.  xxiv  (n.  s.  xvi>, 
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vane  nltered.  Hv  asked  the  sailors,  Why  1  All  they  coald  say  wu, 
that  it  always  did.  Reflecting  upon  the  matter,  Bradley  coaduded 
tbat  tbe  motion  of  the  boat  was  compoauded  vJth  the  velocity  of  the 
wind,  and  that  the  v»ne  represented  the  i^esnltaot  direction.  He  vu 
not  alow  in  »eeiug  the  application  of  this  homely  illastratton  of  the 
parallelogrnm  of  motion  lo  his  aHtronomical  pnzzle.  The  velocity  of  light 
was  coni  pounded  with  tbe  velocity  of  the  earth  in  its  orbit,  so  tbat  its 
apparent  direction  differed  by  a  small  angle  from  its  true  direction,  and 
the  difference  was  called  aberration.  In  8)>eariag  a  fish  or  sbootiag  a 
bird,  the  sportsman  does  not  aim  at  them,  bat  ahead  of  them.  This 
inclination  from  the  true  direction  is  similiar,  in  angular  measure,  to 
what  the  astronomer  calls  aberration,  Strnve's  measaremeut  of  aber- 
ration combinetl  with  tbe  velocity  of  the  earth  in  its  orbit  gave  for  tbe 
velocity  of  light  191,513  miles  a  second.  Both  of  tbe  two  methods  de- 
scribed for  obtaining  the  velocity  ol  light  depend  for  their  aocnraey 
uiHiii  tbe  assumed  distance  of  the  earth  from  tbe  sun.  The  distanoe 
adopted  was  the  one  found  by  the  transits  of  Venus  in  1761  aod  1769, 
viz.  05,360,000  miles. 

During  tbe  last  forty  years,  tbe  opinion  has  been  gaining  ground 
among  astronomers  that  tbe  distance  of  the  sou,  as  deduced  from  the 
transits  of  Venus  in  1761  and  176^,  was  too  large  by  3  per  cent.  Ex- 
peditions have  been  sent  to  remote  parts  of  the  earth  for  observing 
the  planet  Macs  in  opposition.  Tbe  ablest  mathematical  astronomers, 
AS  Laplace,  Pontecoulaut,  Leverrier,  Hanson,  Lubbock,  Airy,  and 
Delannay,  have  applied  profound  mathematical  analysis  to  the  nomer 
ous  perturbations  in  planetary  motions,  and  proved  that  the  sun's  dis- 
tauce  must  be  diminished  abont  2,000,000  miles  in  order  to  reconcile  ob- 
servations with  the  law  of  gravitation.  Airj'  reduced  the  distance  of 
the  sun  by  more  than  2,000,000  miles,  to  satisfy  the  observatJons  on 
the  transit  of  Venus  in  1874.  Glaseuapp  derived  from  observed  eclipaes 
of  Jupiter's  satellites  a  dictauce  for  the  snn  of  ouly  92,600,000  miles. 
From  tiiese  and  similar  data,  Delannay  concluded  that  the  velocitf  of 
light  is  about  186,420  miles  a  second. 

These  triumphs  of  astronomical  theory  recall  the  witty  remark  of 
Foutenelle,  that  Newton,  without  getting  out  of  his  arm  chair,  calcu- 
lated the  figure  of  the  earth  more  accurately  tbaa  others  had  done  by 
travelling  and  measuring  to  the  ends  of  it.  And  Laplace,  in  contrai- 
plation  of  similar  mathematical  achievements,  says:  "  It  is  wonderful 
ihatau  astronomer,  without  going  out  of  bis  observatory,  should  be 
able  to  determine  exactly  the  size  and  figure  of  (be  eartb,  and  its  dis- 
tance from  the  snn  and  moou,  simply  by  comparing  bis  observatioDS 
with  analysis ;  tbe  knowledge  of  which  formerly  demanded  long  and 
laborious  voyjiges  into  both  bemtspheres." 

The  ancients  supposed  that  light  came  instantaneously  from  tlio 
stars;  a  consolation  for  those  wlio  believed  tbat  the  heavens  revolved 
around  the  earth  in  twenty-four  hours.  Galileo  an4  (he  40l(dei||iO(a9B 
of  Florence  obtained  even  negative  results,  LiiK^^lc 
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While  the  oamber  of  physical  sciences  has  received  uamnrous  addi- 
tjous  daring  the  last  half-century,  new  affilintions  and  a  more  intimate 
correlation  have  been  manifested,  'in  this  mutual  hulpfnlness  light  bas 
played  an  imix)rtant  part.  The  optical  method  of  studying  sound,  and 
the  many  varieties  of  flame  apparatus,  have  made  acoustics  as  intelli- 
gible through  tbe  eye  as  tbrough  the  ear. 

Velocity  being  expressed  by  space  divided  by  time,  it  is  evident  that 
in  measuring  an  immense  relooity  we  must  have  at  onr  command  an 
enDnnoQB  distance,  such  as  we  find  only  in  astronomy,  or  else  possess 
tbe  means  of  measuring  fractions  of  time  as  small  as  one-tDilliontb  of 
a  second.  The  first  successful  attempt  to  measure  such  a  velocity  was 
made  by  Wheatstonc  in  1834.  Discharges  from  a  Leydeu  jar  were  sent 
through  a  wire,  having  two  breaks  in  it  one-fourth  of  a  mile  apart.  The 
wire  was  in  tbe  form  of  a  loop,  so  as  to  bring  tbo  breaks  into  tbe  same 
vertical  line.  Tbe  sparks  seen  at  these  breaks  were  reflected  by  a  mir- 
ror at  the  distance  of  10  feet,  and  revolving  eight  hundred  times  per 
iiecond.  The  images  of  the  two  sparks  were  relatively  displaced  in  a 
horizontal  direction.  As  the  displacement  did  not  exceed  one-half  of 
an  iacb,  tbe  time  taken  by  electricity  to  go  from  one  break  to  the  other 
vas  less  thin  a  millionth  of  a  second.  Since  the  distance  was  one- 
quarter  of  a  mile,  the  electricity  travelled  in  lltat  ease  at  the  rate  of 
288,000  miles  a  second.  If  this  experiment  is  interpreted  to  mean  that 
electricity  would  go  over  288,000  miles  of  similar  wire  in  one  second,  as 
it  probably  olten  was  at  that  time,  the  conclusion  is  fallacious.  The 
velocity  of  electricity,  unlike  that  of  sound  or  light,  diminishes  when 
tbe  length  of  wire  increases. 

In  1838,  Wbeatstoue  suggested  a  metbod  for  measuring  tbe  velocity 
of  light,  wjiich  he  thoaghC  was  adequate  for  giving  not  only  the  abso- 
late  velocity  but  tbe  difiierence  of  velocity  in  different  media. 

Ill  that  year  Arago communicated  to  the  French  Acailemy  tbe  details 
of  an  experiment  which  he  thought  would  give  tbe  velocity  of  light  in 
Air  or  a  vacuum.  As  his  own  health  was  broken  down  (be  died  in  18515) 
lie  appealed  to  two  young  French  physicists  to  undertake  the  experi- 
ment. On  July  23f  1849,  Fizeau,  by  a  method  wholly  bis  own,  made  a 
inec«esfiil  experiment.  A  disk  cut  at  its  circumference  into  720  tectb  and 
intervals,  and  made  by  Breguet,  was  rapidly  rotated  by  a  train  of  wheels 
and  weights.  A  concentrated  beam  of  light  was  sent  out  through  one 
of  the  iotervals  between  two  teeth  of  the  disk,  which  was  mounted  in  a 
bouse  in  Surcsne,  near  Paris,  and  was  scut  back  by  a  mirror  placed  on 
MoQtmartre,  at  a  distance  of  about  5  miles.  The  light,  on  its  return, 
was  cut  off  from  the  eye  or  entered  it,  according  as  it  encountered  a 
tooth  or  an  interval  of  the  disk.  If  the  disk  turned  12. G  times  in  a  sec- 
ond tbe  light  encounteretl  the  tooth  adjacent  to  the  interval  through 
which  the  light  went  out.  With  twice  as  many  rotations  in  the  disk 
the  light  conid  enter  the  eye  through  tbo  adjacent  interval.  With 
three  times  the  original  velocity,  it  was  cut  oflf  by  the  next  tootli  but 
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one,  aiid  so  on.  From  the  nnmber  of  teeth  and  the  number  of  rotationB 
in  a  second  the  time  taken  by  the  light  in  going  and  retarning  was 
easily  calculated.  In  this  way  the  velocity  of  light  was  found  to  be 
195,741  miles  iwr  second.  In  1856,  the  Institnte  of  France  awaided  to 
Fizeau  the  Imi>erial  prize  of  30,000  francs  in  recognition  of  this  capital 
experimeut. 

In  1862,  Foucault  succeeded  in  measuring  the  velocity  of  light  by  a 
wholly  different  method,  all  parts  of  the  apparatus  for  it  being  embraced 
within  the  limits  of  his  laboratory.  The  light  emanated  firomafiue 
reticnie,  ruled  on  glass  and  strongly  illamtDated  by  the  son.  It  then 
fell  upon  a  plane  mirror  revolving  four  hundred  times  a  second,  hy 
which  it  was  reflected  successively  to  five  other  mirrors,  the  last  of 
which  was  plane,  and  returned  it  hack  by  the  same  path  to  the  revolv- 
ing mirror  and  reticule.  The  total  distance  traveled  was  only  about 
60  feet.  As  the  revolving  mirror  had  moved  while  the  light  was  mak- 
ing this  short  jonrney,  the  image  of  the  reticnie  was  displaced  in  refer- 
ence to  the  reticule  itself;  and  this  disitlacemeut  was  the  subject  of 
measurement.  Although  the  time  involved  was  only  about  one  fifteen- 
millionth  of  a  second,  this  brief  interval  was  translated  by  the  method 
of  the  experiment  into  a  measurable  space,  and  gave  1S5,177  miles  per 
second  for  the  velocity  of  light,  differing  from  tlio  best  results  of  astro- 
nomical methods  by  only  1,243  miles.  Foacanit  was  prompted  to  this 
experiment  by  Leverrier,  director  of  the  observatory.  Arago  was  the 
first  to  proiH>se  the  experiment.  To  obtain  greater  accuracy  he  placed 
the  moving  mirror  in  a  vacuum,  but  without  any  advantage.  He  said, 
"  Le  mieux  est  I'ennemi  dn  bieu."  Uis  modest  claim  was  that  he  bad 
suggested  to  Foncault  the  problem  and  indicated  certain  means  of  re- 
solving it.  Babinet  thought  that  the  experiment  admitted  oftentimes 
greater  accuracy.  With  three  times  only  it  might  correct  Strave's 
value  of  aberration. 

In  1873,  (Jornn,  auother  French  physicist,  repeated  the  itxperiments 
of  Fizeau  with  a  toothed  wheel,  the  work  extending  over  three  years. 
The  observer  whs  stationed  at  the  Ecole  Poly  technique.  The  reflecting 
mirror  and  collimating  telescope  were  placed  on  Mont  Valerian,  at  a 
distance  of  about  33.81C  feet.  Three  different  wheels  were  tried,  hav- 
ing 104, 116,  and  140  teeth  respectively,  and  rotating  between  seven  and 
eight  hundred  times  a  second,  the  velocity  being  registered  by  electric- 
ity. Gornu  used  at  times  all  the  eclipses  from  the  first  to  the  seventh 
order.  Calcium  and  petroleum  light  were  tried,  as  well  as  sunlight  A 
chronograph  with  three  pens  recorded  automatically  seconds,  the  rota- 
tions of  the  toothed  wheel,  and  the  time  of  the  eclipse.  More  tlian  a 
thousand  experiments  were  made,  sis  hundred  of  which  were  reduced. 
The  velocity  of  light  as  pnbhshed  by  Cornu  in  1873,  wns  185,425.6  miles 
per  second.  Tlie  probable  error  was  1  per  cent, '  In  1874,  Coma  gave 
Ihe  result  of  a  new  set  of  experiments  made  by  him  in  coujuuction  with 
Fizeau  over  »  distance  of  more  than  14  miles  between  the  Observatory 
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and  Hontlh^ry.  The  esperimcnU  were  rei>eated  more  tkati  five  nandretl 
times,  mostly  at  night  with  the  lime  light.  The  light  was  seat  through 
a  12iQch  telescope  and  returned  through  a  7-incb  tt^lescope.  The 
toothed  wheel  which  produced  the  eclipse  was  capable  of  rotating  six* 
t«en  hnndreil  times  a  second.  From  these  experiments  the  velocity  of 
light  was  placed  at  18«,ei8  milos.  The  probable  error  did  not  exceed 
1ST  miles.  The  time  was  reconled  accurately  within  a  thouaandth  of  a 
second. 

I  come  DOT  to  that  which  most  interests  ns  to-night,  viz,  tlie  part 
taken  in  this  conntry  for  the  uieasnrement  of  these  great  velocities. 
Aboat  1854,  Dr.  Bache,  chief  ot  the  U.  8.  Coast  Survey,  appropriated 
|I,000for  the  construction  of  apparatus  to  be  used  in  repeating  Wheat- 
Blooe's  experiment  on  the  velocity  of  electricity.  But  those  who  were 
^pectetl  to  take  part  in  the  investigation  were  called  to  other  duties, 
and  the  money  was  never  drawn. 

In  1867,  Professor  Newcomb  recommended  a  repetition  of  Foncanlt's 
experiment,  in  the  interest  of  astronomy,  to  contirm  or  correct  the  re- 
ceived value  of  the  solar  parallax.  In  Augast,  1879,  Mr.  Alt)ert  A- 
Mkhelson,  then  a  master  in  the  United  States  Kavy,  presented  a  paper 
to  the  meeting  of  the  American  Association  for  the  Advancement  of 
Science,  on  the  measurement  of  the  velocity  of  light.  This  paper  at- 
tracted great  attention.  Mr.  Michelsori  adopted  Foncanlt's  method  with 
important  modifications.  In  Foncanlt's  experiment  the  deflection  of 
the  light  produced  by  the  revolving  mirror  was  too  small  for  the  most 
accarate  measurement.  Mr.  Michelson  placed  the  revolving  mirror  000 
fe«l&om  the  slit  (which  was  teu  times  the  distance  in  Foucault's  experi- 
ment) and  obtained  a  deflection  twenty  times  asgrcat,  although  the  mir 
rormade  only  one  hundred  and  twenty-eight  turns  in  a  second.  With 
ap|iarato8  comparatively  crude,  he  obtained  for  the  velocity  of  light 
136,600,  witb  a  probable  error  of  300-  miles.  This  preliminary  experi- 
ment, made  in  the  laboratory  of  the  2?aval  Academy  in  May,  1878,  in- 
dicated the  directions  in  which  improvements  must  be  made  iu  order 
to  iusnre  greater  accuracy.  The  distance  from  the  slit  to  the  revolving 
mirror  most  be  increased,  the  mirror  must  revolve  at  least  two  hun- 
dred and  Qtly  times  a  second,  and  the  lens  for  economizing  the  light 
mnat  have  a  large  surface  and  a  focal  length  of  about  150  feet.  With 
the  aid  of  $2,000  from  a  private  source  Mr.  Michelson  was  able  to  carry 
out  bis  ideas  oa  a  liberal  scale. 

His  new  experiments  were  made  in  the  summer  of  1879.  The  revolv- 
ing mirror,  made  by  Alvan  Clark  &  Sons,  was  moved  by  a  turbine  wheel. 
Ita  rapidity  of  revolution  was  nieasuretl  by  optical  comparison  with  an 
electric  fork  which  matle  about  one  hundred  and  twenty-eight  vibrations 
a  second,  the  precise  value  being  accurately  measured  by  reference  to 
ODD  of  Kiinig's  standani  forks.  The  velocity  generally  given  to  the 
mirror  was  about  two  hundred  and  fifty-six  turns  a  second.  The  dis- 
tance between  the  revolving  and  the  fixed  mirror  was  1,986.26  feel.. 
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The  ligbt  from  tlie  luoriitg  mirror  was  concentrated  ou  the  fixed  mir- 
ror by  a  lens  8  incbesin  diameter,  witli  ii  focal  length  of  150  feet.  Tbuse 
improvemeDts  on  Foueault'3  arraiigpment  were  so  advantageoDS  that 
Mr.  UicUelson  obtained,  even  with  a  smaller  speed  in  the  revolring 
mirror,  an  angle  of  separation  between  the  outgoing  and  retamiugrays 
of  light  so  great  that  tbe  inclined  plate  of  glass  in  front  of  tbe  microm- 
eter was  not  necessary;  tbe  head  of  the  observer  not  sbntting  off  the 
light.  The  mean  resnlt  of  one  hundred  observations  taken  on  eightmn 
different  days  nifule  the  velocity  of  light  186,313  miles  per  second,  with 
a  probable  error  of  30  miles. 

lu  1882,  at  the  requestor  Professor  Kewcouib,  Mr.  Micbelson  made  are- 
determination  Df  tbe  velocity  of  light  at  the  Oaae  Institute,  in  Cleveland, 
Ohio,  by  tbe  method  nlready  described,  with  some  modifications.  Thn 
space  traversed  by  the  light  in  goiug  and  returning  between  tbe  two 
mirrors  was  4,099  feet.  Twoslight 'errors  in  the  reduction  of  bis  former 
work  were  corrected  in  this.  The  velocity  deduced  from  five  hundred 
and  sixty-three  new  observations  was  186,278  miles,  with  a  probable 
error  of  37  miles. 

In  March,  1879,  Congress  had  voted  an  appropriation  of  $5,000  for 
experiments  on  the  velocity  of  light,  to  be  made  under  tbe  direction  of 
Professor  Kewcomb.  All  the  delicacy  of  instmmental  ooustmction,  all 
tbe  skill  of  scientific  observation,  and  all  tbe  resources  of  mathematical 
discussion  were  enlisted  iu  this  service.  The  method  adopted  was  that 
of  the  revolving  mirror.  The  movable  mirror  was  monnted  at  Fort 
Myer.  Two  different  locations  were  selected  for  tbe  fixed  mirror,  vis, 
the  Naval  Observatory  and  the  Washington  Monument.  In  one  case 
tbe  distance  was  2,550.95  meters,  or  about  8,367.12  feet;  in  tbe  second 
case,  3,721  meters,  or  about  12,205.67  feet.  Mr.  Micbelson  assisted  in 
the  observations  until  his  removal  to  Cleveland,  in  tbe  autumn  of  18M 
The  observations  began  iu  the  summer  of  1880,  and  were  oootiuued  into 
tbe  autumn  of  1882,  tbe  most  favorable  days  in  spring,  summer,  and 
natumn,  being  seiecteil.  In  all  five  hundred  and  fonr  sets  of  measure- 
ments were  made,  viz,  two  hundred  and  seventy -six  by  Professor  New- 
comb,  one  hundred  and  forty  by  Professor  Micbelson,  and  eighty-eight 
by  Mr.  Holcombe.  After  a  full  discnssion  of  all  tbe  observations  and 
the  possible  sources  of  error.  Professor  Newcomb  decided  to  rest  the 
final  result  on  the  one  hundred  and  thirty-two  sets  of  observations  made 
in  1882  over  the  long  distance  between  Fort  Myer  aud  the  Washington 
Monument.  The  velocity  then  obtained  waa  186,282  miles.  The  ve- 
locity deducetl  from  tbe  three  sets  of  observations  was  186,361  ndlH. 
The  probable  error  of  the  first  resnlt  was  about  19  miles. 

For  some  future  attack  upon  this  problotn  Professor  Kewcomb  tmg- 
gested  a  prism  for  the  reflector  with  a  pentagonal  section,  and  placed 
at  such  adistauce  that  ii  could  revolve  through  an  arc  of  SO*^  while  Uie 
light  was  going  and  returning;  five  hundred  turns  a  secoud  and  a  dis- 
tance of  19  miles  would  fulfill  this  couditiou.     In  the  Boc^Monnt^DS, 
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or  the  Sierra  Nevada,  stations  from  20  to  30  miles  distant  could  be 
fODDd,  and  with  no  greater  loss  of  light  from  absorptiou  than  is  jiro- 
daced  by  2  or  3  milea  of  commoo  air. 

The  first  ezperimeiits  made  in  Great  Britain  for  the  measurement  of 
tbe  velocity  of  light  were  published  by  James  Yoaiig  and  Prof.  O. 
Forbes  in  the  Philosophical  Transaccious  of  1883.  They  adopted  the 
method  of  Fizeaa.  In  1S78,  between  six  and  seven  hundred  observa- 
tions  were  made ;  bat  the  number  of  teeth  in  the  rotating  wheel  was 
msafficient.  New  experiments  were  made  in  18S0-'81  across  the  river 
Clyde.  Two  reflectors  were  nsed  at  unequal  distances,  and  the  time 
was  noted  when  au  electric  light  after  tbe  two  reflections  was  at  its 
maxinnm.  The  corrected  distances  for  the  two  mirrors  were  18,212.2 
and' 16,835  feet.  After  aa  elaborate  mathematical  discussion  of  the 
dieory  of  this  method,  the  velocity  of  light  waa  placed  at  187,221  miles. 
Tiiiavalae  exceeded  those  obtained  by  Cornu  or  Michelson;  but  this 
might  be  explained  by  the  color  of  the  light  nsed  in  the  different  ex- 
periments. Mr.  Yonng  aod  Professor  Forbes  made  some  experiments 
with  lights  of  different  colors,  in  confirmation  of  this  view.  But  Profes- 
sor Hichelsoo  compared  his  three  hundred  and  eighteen  observations 
with  snulight  and  two  hundred  and  sixty-seveu  observations  with 
electric  light,  and  found  that  the  difference  was  in  tbe  opposite  direc- 
tion; and  in  a  differential  experiment,  when  half  tbe  slit  was  covered 
*ith  red  glass,  be  iound  no  displacement.  Young  and  Forbes  were 
attracted  to  their  experiments  on  tbe  velocity  of  light  by  Maxwell's 
Bpecalatioos  on  the  electro-magnetic  theory  of  light,  and  also  as  promis- 
ing the  most  accurate  method  of  obtaiuiug  the  parallax  and  distance  of 
the  sun.  Their  velocity  of  light  combined  with  Struve's  constant  of 
aberration  made  the  snn's  parallax  20" .445,  and  its  distance  93,223,000 
miles. 

When  Arago,  in  1838,  suggested  to  tbe  French  Academy  an  experi- 
meoton  the  velocity  of  light,  and  explained  his  method  of  making  it, 
which  was  essentially  the  one  afterwards  adopted  by  Foucanlt,  be  had 
in  view  tbe  settlement  of  the  long  controversy  between  the  advocates 
of  the  corpuscular  and  nndulatory  theories.  Almost  all  of  the  different 
classes  of  phehomena  in  geometrical  optics  can  be  explained  by  either 
one  of  these  theories,  though  even  here  the  nndulatory  has  the  advan- 
tage of  greater  simplicity.  But  in  one  respect  the  two  theories  are  an- 
tagonistic According  to  tbe  corpascular  theory,  light  should  move 
ftuter  in  glass  or  water  than  in  air,  for  example.  The  nndulatory  theory 
reversed  this  proposition.  Here  was  au  experimenium  crucin.  In  18541, 
Fizeaa  and  Foacanll  made  tbe  experiment,  each  in  his  own  way,  iind  in 
both  experiments  tbe  result  was  in  favor  of  the  theory  of  undulations. 
It  has  been  shown  that  in  the  ease  of  air  alone  lengths  of  many  thou- 
■and  feet  are  practicable.  But  the  absorbing  power  of  water  prevents 
tbe  use  of  greater  lengths  than  about  10  feet.  Light  would  pass  through 
10  feet  of  air  in  less  time  than  oueeighteenthonsandth  of^_p^u|i|^; 
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and  tbe  differeuce  of  time  for  air  and  water  would  be  only  a  fraction  of 
that  small  fractioD,     Hence  tbe  exceediug  delicacy  of  tbe  experiment. 

Ill  1883,  Mr.  Micbelson,  at  the  request  of  Professor  XewcoiBb,rc- 
peitted  Foncault's  experimeiits  for  finding  tbe  difference  of  velocity  of 
light  in  air  and  water.  Foucault  did  not  aspire  to  quantitative  precis- 
ion in  bis  results.  Tbeexpcriueutnof  Micbelsoii  proved  tbat  tbe  ratio 
of  tbe  velocities  was  inversely  as  tbe  indices  of  refraction.  Tbe  velocity 
witb  ennligbt  was  a  little  greater  tban  with  tbe  electric  ligbt;  wbicU 
opposes  tlie  conclusion  of  Young  and  Forbes.  When  Mr.  Hicbelson 
covered  half  of  tbe  slit  witb  red  glass,  tbe  two  balves  of  tbe  image  were 
exactly  in  line.  Experiments  were  also  made  on  tbe  velocity  of  light 
ia  carbon  disulpbide,  which  led  to  the  inference  that  its  index  of  refrac- 
tion was  1.77,  and  tbat  orange-red  ligbt  traveled  from  one  to  two  per 
cent,  faster  tban  greenish  blue  light.  Mr.  Micbelson  was  enabled  to 
make  this  investigation  by  a  grant  from  tbe  trustees  of  tbo  itache  Fund. 

Various  other  methods  of  measuring  tbe  velocity  of  ligbt  have  been 
proi>osed.  About  1850.  Laborde  suggested,  in  a  letter  to  Arago,  a  me- 
chanical method  of  measuring  the  velocity  of  light.  He  supposes  two 
disks,  witb  many  boles  at  the  outside,  connected  by  a  very  long  axis 
and  rotating  rapidly.  The  ligbt  wbieb  was  sent  out  through  a  hole  in 
one  wheel  would  be  transmitted  or  arrested  by  the  second  wheel,  behind 
which  an  observer  was  stationed.  Tbe  distance  between  tbe  wheels, 
tbe  time  of  rotation,  and  tbe  order  of  the  eclipse,  would  be  sufficient  for 
calculating  tbe  velocity  of  light.  Laborde  imagined  an  enormous  axis 
more  tban  200,000  miles  long,  Moigno  recommended  tbe  substitution 
of  a  mirror  for  tM  observer  and  the  second  wheel,  which  would  double 
tbe  distance  travelled  by  tbe  light-.  A  distance  of  1,640  feet,  a  disk  26 
feet  in  radius,  with  l,liOO  boles,  and  turning  360  times  a  second,  would 
be  more  tban  sufficient  to  surprise  the  reflected  ray  and  stop  it. 

In  1874,  Burgue  suggested  a  new  way  of  finding  the  velocity  of  ligbt 
by  experiment.  If  a  white  disk,  witb  a  black  radius,  is  rotated  rapidly, 
and  at  each  turn  is  illumiuated  by  an  instantaneous  flash,  this  radius 
will  appear  immovable,  if  tbi.'^  flash  is  reflected  on  tbe  disk  from  a 
distant  mirror,  tbe  black  radius  will  be  displaced.  No  details  of  the 
arrangement  of  apparatus  and  no  experiments  were  published. 

In  1885,  Wolf  proposed  the  following  arrangements:  Two  mirron 
were  placed  5  meters  apart  iiud  facing  each  other.  Tbe  radius  of  curv- 
ature of  each  mirror  was  5  meters.  Tbe  first  mirror  was  0.20  of  a  meter 
in  diameter ;  the  other,  O.Ou  meter,  revolved  rapidly  (two  bnndretl  turns 
a  second).  A  slit  was  made  in  tbo  center  of  the  large  mirror  through 
which  light  was  scut  to  the  small  mirror,  forming  an  image  on  the  sur- 
face of  the  large  mirror;  this  image  became  an  object  for  the  small 
mirror,  forming  another  image  on  the  larger  mirror,  at  a  distance  from 
tbo  flrst  mirror  depending  on  tbe  velocity  of  rotation.  These  images 
could  be  sent  out  laterally  by  an  inclined  plate  Of  thin  glass,  and  their 
distance  measured  by  a  micrometer.     Wolf  expected  adyau|^ge8  from 
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Ibe  proximity  of  tli»  two  mirrors  wbicli  would  more  than  balituce  tliose 
of  tbe  loni:  distances  ased  by  Foucantt  and  MiclieUon. 

Tbe  greatest  difficalLj  wliich  the  nndalatory  theory  of  light  has  en- 
Gonntered  is  found  id  tbe  attempted  reconvilintioii  between  tiie  require- 
ments of  the  refraction  of  light  nud  the  aberration  of  light.  To  exphiiii 
refraction,  the  density  of  the  lominiferoas  lether  must  be  greater  when 
tbe  index  of  refraction  is  greater.  If  a  bo<ly  moves,  it  niast  carry  itn 
iDcloeed  iether  with  it,  as  its  refractive  power  does  not  change.  On  the 
other  hand,  to  explain  the  aberration  of  light,  it  mnst  be  supposed  that 
tbe  iether  in  the  telescope  does  not  move  with  the  telescope ;  that  tbe 
xtfaer  siftfl  through  the  telescope,  the  a;ther  in  front  taking  the  place  of 
the  xther  left  behind;  or,  as  Young  expressed  it,  that  the  lether  flows 
Uiroagh  tbe  air  and  solid  earth  as  easily  as  the  wind  blows  through  the 
tzees  of  a  forest. 

Tbe  difflcnlty  eau  be  eluded  by  supjwsing  that  a  refracting  body  car- 
ries along  with  it  as  inach  of  the  nether  as  it  possesses  in  excess  of  what 
voald  exist  in  a  vacoam  of  tbe  same  balk.  This,  added  to  what  is  al- 
«Bja  sifting  through  it,  woald  maintain  its  ictber  at  a  constant  density. 
What  this  fraction  is  which  must  travel  with  the  body  was  calculated 
by  Fresuel.  Bat  while  the  refracting  power  has  been  protected,  bow 
is  it  with  aberration  t  Tbatwonld  be  increased  to  a  small  extent.  But 
an  the  aberration  is  very  small,  only  about  20j"  at  its  maximam,  tbe 
reqaired  change  in  its  value  might  he  masked  by  ordinary  errors  of  ob- 
BervatJon.  Boscovicb  suggested  to  Lalaude,  in  1766,  tbnt  a  telescope 
filled  with  water  instead  of  air  ypoald  t«3t  the  theory;  hut  he  made  no 
eiperiment.  Wilson,  of  Glasgow,  also  proiwsed  a  water  telescope  in 
1T82.  In  the  couHe  of  time  it  appeared  that  not  only  was  the  effect  of 
the  earth's  motion  on  refraction  and  aberration  under  trial,  bnt  also  the 
eolar  parallax,  the  motion  of  tbe  aolar  system,  and  that  of  other  stars. 

The  case  is  clearly  stated  by  Lodge  in  this  way :  Sound  travels  quicker 
with  (he  wind  than  against  it.  Is  it  tbe  same  with  ligbtf  Does  light 
Invel  qnicker  with  tbe  wind  f  Well,  that  depends  altogether  on  whether 
the  tether  is  blowing  along  as  well  as  tbe  air.  If  it  is,  then  its  motion  must 
help  the  light  on  a  little;  but  if  the  aether  is  at  rest,  no  motion  of  tbe 
air,  or  of  matter  of  any  kind,  can  make  any  difference.  According  to 
Fresuel,  tbe  free  tether  is  at  rest,  the  bound  is  in  motion.  Therefore 
the  speed  of  light  will  be  changed  by  the  motion  of  tbe  medium;  but 
only  by  a  fraction,  depending  on  its  index  of  refraction, — infinitesimal 
for  air,  bnt  sensible  for  water. 

At  an  early  day  Arago  investigated  the  effect  which  a  change  in  the 
velocity  of  light  would  produce  on  aberration  and  refraction.  He  saw 
that  a  change  of  I>  per  cent,  in  the  velocity  of  light  would  alter  the  aber- 
ration by  only  one  second,  whereas  the  refraction  in  a  prism  of  4r>^  would 
be  affectetl  to  tbe  extent  of  two  minutes.  He  observed  tbe  zenith  dis- 
tances of  stars  with  and  without  tbe  prism ;  and  also  the  deviation  of 
stATH  which  passed  the  meridian  at  6  A.  h.  and  6  P.  M.    The  observe 
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tions  were  made  witli  a  mnrai  circle  and  a  repeatiug  circle.  Arago  ex- 
pected to  find  adiffcreiice  often  or  fifteen  seconds,  bat  fonnd  none.  He 
Uionght  that  a  difference  no  greater  than  one  teu-tbonsandth  wonld 
bare  been  manifested  by  liis  observations  liad  it  existed.  Arago  at- 
tempted to  explain  bis  negative  reunlts  by  acBumptions  based  npon  the 
corpnscalar  theory  of  light.  Bat  Lloyd  thought  that  tfae  change  in  the 
length  of  the  wave  wonld  balance  the  change  in  the  direction  of  the  ray. 
Arago's  observations  were  commnnicated  to  the  Institute  on  December 
10, 1816,  and  excited  great  interest.  They  were  quoted  by  Laplace  and 
Biot  Bat  the  manuscript  was  mislaid  and  not  foand  antil  1853,  when 
it  was  published.  Mascart  thinks  that  this  experiment  of  Arago  owes 
its  reputation  to  Fresuel's  explanation  of  it  by  hia  fraction. 

In  regard  to  the  wave-motion  involved  in  tbe  transmission  of  light, 
Maxwell. says:  "  It  may  be  a  displacement,  or  a  rotation,  or  an  ^edii- 
cal  disturbance,  or  indeed  any  physical  quantity  which  is  capable  o 
assamiug  negative  as  well  as  positive  values.  But  the  aether  is  loosely 
connected  with  the  particles  of  gross  matter;  otherwise  they  wonld 
reflect  more  light."  Then  he  asks  the  question,  "  Does  the  lether  pass 
through  bodies  as  water  through  the  meshes  of  a  net  which  is  towed  by 
a  boat  V  It  is  diflScnlt  to  obtain  the  relative  motion  of  the  earth  aad 
mther  by  experiment,  as  tbe  light  must  move  forward  and  then  back 
again.  One  way  is  to  compare  the  velocities  of  light  obtained  from  the 
eclipses  of  Japiter's  satellites  when  Jupiter  is  iu  opposite  points  of  the 
ecliptic.  Cornn  referred,  in  1883,  to  the  difficulty  of  observing  these 
eclipspB,  especially  when  Jupiter  is  in  coiijnnotion  with  the  sun.  On 
account  of  this  difficulty  observations  have  been  neglected  for  the  last 
fifty  years.  Observations  mastbemade  nearqnadratures.  Gomusug- 
gesta  a  proper  arrangement  for  this  purpose. 

At  various  times  between  1864  and  1868,  Maxwell  rejieated  Arago's 
experiment  in  a  mora  perfect  form.  A  spectroscope  was  used,  having 
three  prisms  of  60°  each.  A  plane  miror  was  substitnteij  for  the  slit  of 
the  collimator.  The  croas-wires  of  the  observing  telescope  were  illnmi- 
nated  by  tight  reflected  by  a  plate  of  thin  glass  placed  at  an  angle  of  45°. 
Light  went  to  the  mirror  and  was  sent  back  to  tbe  wires  from  which  it 
started  after  passing  through  six  prisms.  The  experiment  was  tried 
when  thetight  started  in  tbe  direction  of  the  earth's  motion,  and  when 
in  the  opposite ;  also,  at  difierent  seasons  of  the  year.  In  all  cases  the 
image  of  .the  wires  coalesced  with  tbe  wires. 

Lodge  states  the  case  clearly  thus :  "  If  all  the  iBther  were  free  thoe 
would  have  been  a  displacement  of  the  image  of  the  wires.  If  all  the 
n;tber  were  bound  to  the  glass  there  would  have  been  a  difference  ou 
the  other  side.  But,  according  toFresnel's  hypothesis  there  should  be 
no  difference  either  way.  According  to  his  hypothesis,  the  free  tetJier, 
which  is  the  portion  in  relative  motion,  has  nothing  to  do  with  the  re- 
fraction. It  is  the  addition  of  the  bound  lether  which  canses  the  refrac- 
tion, and  this  part  is  stationary  relatively  to  the  glass,  uid  is  notstream- 
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iDj;  through  it  at  all.  Hence  the  rBfraction  is  the  same  whether  the 
prism  be  at  rest  or  in  motion  through  space."  Maxwell  is  more  gaarded 
jQ  bis  own  statement  of  tU©  cnse.  He  says :  "  We  can  not  conclutle 
certainly  that  the  nether  moves  with  the  earth,  for  Stokes  lias  shown 
from  Fresnel's  hypothesis  that  the  relative  velocities  of  the^vther  in  the 
prism  and  that  ontside  are  inversely  as  the  square  of  the  index  of  re- 
fraction, and  the  deviation  in  this  case  would  not  l>c  sensibly  altered, 
the  velocity  of  the  earth  being  only  one  tenthoiiaandth  of  the  velccity 
oflighL" 

111  1879,  Maxwell  wrote  to  Prof.  D.  P.  Todd,  then  at  the  Naotical 
Almanac  Office  in  Washington,  asking  him  if  he  had  observed  an  appar- 
ent retardation  of  the  eclipses  of  Jupiter's  satellites  depending  on  the 
Keocentric  position  of  the  planet.  Such  observations,  he  thought,  wonld 
furnish  the  only  method  he  knew  of  finding  the  direction  and  velocity 
flf  tbesnn's  motion  through  the  snrrounding  medium.  In  terrestrial 
methods  of  mea^taring  the  velocity  of  light,  it  returns  on  its  path,  and 
the  velocity  of  the  earth  in  relation  to  the  nether  would  alter  the  whole 
time  of  passage  by  a  quantity  deiHjndtng  on  the  square  of  the  ratio  of 
the  velocities  of  the  earth  and  light,  and  this  is  quite  too  small  to  be 
observed. 

In  1S39,  Babinet  made  a  very  delicate  experiment  on  the  relation  of 
the  Inminiferous  sether  to  the  motion  of  the  earth.  He  found  that  when 
two  piecea  of  glass  of  eqnal  thickness  were  placed  across  two  beams  of 
light  which  interfered  so  as  to  pro<)nce  fringes,  one  of  them  moving  in 
the  direction  of  the  earth's  motion  and  the  other  contrary  to  it,  the 
fringes  were  not  displaced.  The  espeiiment  was  made  three  times  by 
Bahioet,  with  new  apparatus  each  time.  He  concludes  that  here  is  a 
new  condition  to  be  fulfilled  by  all  theories  in  regard  to  the  propaga- 
tion of  light  in  refracting  media.  According  to  all  the  theories  admit- 
teller  proposed,  the  displacement  of  the  fringes  should  have  been  eqnal 
to  many  lengths  of  afringe — that  is,  many  milliibetors — whileby  obser- 
vation it  was  nothing.  Slokes  has  calculated  the  result  according  to 
Fresnel's  theory,  or  his  own  modification  of  it,  and  found  that  the  retar- 
dation expressed  in  time  was  the  same  as  if  the  earth  were  at  rest. 
PJzean  has  pointed  out  a  compensation  in  the  effect  of  Babinet's  exper- 
iment. He  says :  "  When  two  rays  have  a  certain  difference  of  march, 
this  difference  is  altered  by  the  rejection  from  the  turning  inirror."  By 
calcalnting  tlic  two  eHects  in  Babinet's  exi)erimeiit,  Fizeaa  finds  that 
they  have  sensibly  equal  values,  and  of  opposite  sign. 

In  18G0,  Angstrom  communicnted  to  the  Koyal  Society  of  Upsala  a 
method  of  determining  the  motion  of  the  solar  system  by  observations 
on  the  bands  of  interference  jiroduced  by  a  glass  grating.  In  18C3,  he 
pnblished  the  reanlts  which  he  had  obtained.  After  allowing  for  Bab- 
inet's correction  on  account  of  the  motion  of  the  grating,  Angstriim 
fimla  that  a  difference  in  the  direction  of  the  observing  telescope  with 
reference  to  the  earth's  motion  might  produce  a  displacement  of  jthe 
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fringes  anionnting  to  49". S.  Selecting  tbe  line  D  in  the  foarth  spec- 
trum, be  thought  that  the  ioflueiice  of  the  earth's  aunaat  motion  vaa 
verifier),  but  that  of  the  motion  of  the  solar  system  was  less  decided. 
The  observatious  were  more  cousistent  with  tbe  assamption  that  the 
solar  system  moved  with  a  velocity  etjual  to  one-third  of  that  in  ite 
orbit,  than  with  an  equal  velocity,  or  noue  at  all.  lu  1862-'63,  Babinet 
presented  to  tlie  Academy  of  Paris  a  paper  on  the  influence  of  tlie  mo- 
tion of  tbe  eartb  on  the  phenomena  produced  by  gratings,  vhich  depend 
not  on  reflection,  refraction,  or  diffrnction,  but  on  interference.  His 
principal  object  was  a  study  of  tbe  motion  of  the  eolar  system.  He 
calculated  tbe  effects  to  be  expected,  but  published  no  observations. 
In  lti67,  Van  der  Willigen  measured  the  length  of  waves  of  light  by 
means  of  a  grating.  When  a  slit  was  used,  no  eS'eut  was  produced  by 
tbe  motion  of  the  earth,  the  slit  partaking  of  that  motion.  With  astar, 
a  movement  of  tbe  earth  in  the  direction  of  tbe  light  had  an  effect. 
This  is  the  theoretical  result,  and  agrees  wttb  Babinet's  experiment, 
but  is  not  applicable  to  solar  light  when  reflected  by  a  mirror.  That 
behaves  as  light  from  a  terrestrial  source.  In  1S73,  he  rejects  the 
proposition  that  the  refraction  of  light  is  modified  by  tbe  motion  of  its 
source  or  of  tbe  prism.  Id  1874,  be  seems  to  doubt  the  reality  of  the 
efl'ect  pi'oduced  on  diffraction. 

lu  18C7,  Klinkerfues  used  a  transit  instrument  having  a  focal  length 
of  IS  inches.  In  tbe  tube  was  a  column  of  water  8  inches  long,  and  a 
prism.  He  observed  tr^tiisits  of  the  sun  and  of  certain  stars  whose 
north  iK>Iar  distauce  wati  equal  to  tbe  sun's,  and  which  passed  the 
meridian  at  midnight.  The  difference  of  right  ascension  is  affected  by 
double  the  coefficient  of  aberration.  He  computed  that  tbe  column  of 
water  and  tbe  prism  would  increase  the  aberration  by  8".  Tbeamoant 
observed  was  7".l.  In  1868-'69,  Hoek  of  Amsterdam  discussed  the  in- 
fluence  of  the  earth's  motion  on  aberratiou.  Uelambre  had  calculated 
from  the  eclipses  of  Jupiter's  satellites  that  light  must  take  493*.2  in 
coming  from  the  sun.  Heuce  the  aberration  must  be  20".255.  Htrnve's 
observed  aberration  made  tbe  time  497*.8.  Hoek  decided  in  favor  of 
Struve;  but  he  thought  that  it  was  desirable  that  a  new  set  of  obser- 
vations should  be  made  ou  tbe  eclipses.  Klinkerfoes  espoused  the  side 
of  Uelambre.  Hoek  said  that,  if  tbe  earth's  motion  was  taken  into 
accoaut,  according  to  Fresnel's  fraction,  difi'erent  results  would  be 
harmonized.  In  18G8,  be  made  experiments  on  a  divided  beam  of  light, 
tbe  two  parts  going  iu  opposite  directions  through  tubes  filled  with 
water.  There  was  no  interference  attributable  to  tbe  effect  of  the 
earth's  motion.  As  to  any  infiueuce  to  be  expected  from  the  motion  of 
tbe  solar  system,  he  thinks  that  motion  must  be  insignificant  compaiwl 
with  the  initial  motion  of  the  comets,  and  with  the  cometary  orbitA, 
which  are  parabolas  with  few  hyperbolas. 

In  1872,  and  on  several  previous  occasions,  one  of  tbe  grand  priies 
of  tbe  Academy  of  I'aris  was  offered  for  an  iuvestigatiou  of  the  effect 
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prodnced  by  the  motion  of  the  lutDinary  or  of  the  obaerver.  This 
prize,  conaistiDg  of  a  gold  medal  or  3,U00  francs,  was  awarded  in  1874 
to  Mascart.  He  inaintained  that  in  Anigo's  ex{>eriineDt  the  change  in 
refraction  produced  by  the  fraction  of  the  earth's  motion  vas  con]]>en- 
Bated  by  the  displacement  of  the  observjog  telescope.  Mascart  re- 
peated Babinet's  experiment  with  gratings,  where  the  efi'ects  of  the 
motion  of  the  telescope  and  of  the  grating  would  be  additive,  and  found 
the  sum  small  compared  with  Babinet's  calculation.  He  thinks  that 
the  change  in  the  length  of  the  wave  cansed  by  the  motiou  is  compen- 
sated by  tbe  displacement  of  the  measuriug  apparatus.  lie  concludes 
that  reflectiou,  diffraction,  double  refraction,  and  circular  polarization 
are  powerless  to  show  the  motion  of  the  earth,  either  with-  solar  light 
or  that  from  a  terrestrial  source. 

Id  1871,  Airy  used  a  vertical  telescoiie.  atid  measnred  the  meridional 
teuith  distance  of  y  Draconis,  the  star  by  which  Bradley  discovered 
aberration.  It  is  about  100"  uortb  of  the  zenith.  Tbe  tube  of  the 
telescope,  which  was  3d.3  inches  long,  was  filled  with  water.  Tbe  days 
of  observation  included  the  seasons  of  tbe  equinoxes,  when  the  star  is 
most  affected  in  optiosite  directions  by  aberration.  Tbe  observations 
were  repeated  in  tbe  spring  aud  autumn  of  1872.  So  increase  was 
prodnced  in  the  aberration  by  the  water  in  tbe  telescope. 

In  1873,  Eetteler,  in  tbe  preface  to  the  "Laws  of  the  Aberration  of 
Lightj'^eniimei'atestbirty-niue  persons  who  have  investigated  the  effect 
of  motion  on  tbe  pheuomena  of  sound  and  light.  From  his  own  analy- 
sis he  concludes:  (1}  that  a  motion  of  the  prism  and  telescope  perpen- 
dicntar  to  the  direction  of  a  star  produces  no  effect  on  the  refraction ;  (2) 
that  when  the  motion  is  in  the  direction  of  tbe  star,  the  Telocity  of  tbe 
light  is  changed  according  to  Fresnel's  fr'action  of  that  motion ;  and  (3) 
that  for  any  intcrmetliate  direction  it  is  changed  to  the  extent  of  that 
fractional  part  of  the  motiou  niultiplic<l  by  tbe  cosine  of  tbe  angle  be- 
tween the  dtrectiou  of  the  motion  and  tbe  direction  of  the  star. 

In  1859,  Fizeau  proposed  an  esperiment  for  ascertaining  if  tbe  azi- 
muth of  tbe  plane  of  polarization  of  a  refracted  ray  is  inllneuced  by  thu 
motion  of  tbe  refracting  medium.  When  a  ray  of  polarized  light  }>asses 
through  au  iuclinod  plate  of  glass,  tbe  plane  of  itobirizutiou  is  changed, 
according  to  certain  laws  investigated  by  Mains,  Biot,  and  Brewster. 
The  degree  of  change  depends  upon  the  inclination  of  the  ray,  the 
azimuth  of  the  plane  of  primitive  polarization,  and  the  index  of  refrac- 
tioD  of  the  glass.  Tbe  incidence  and  azimuth  being  constant,  this  rota- 
tion of  the  plane  of  polarization  increases  with  the  index  of  refraction. 
This  index  being  inversely  as  tbe  velocity  of  light,  the  rotation  is 
smaller  the  greater  this  velocity.  Fizeau  used  two  bundles  of  gla.ss, 
four  plates  in  each,  aud  slightly  prismatic,  inclined  to  one  another. 
One  bundle  was  made  of  common  glass ;  the  other  of  Hint  glass.  The 
angle  of  incidence  for  tbe  ray  was  58°  40'.  When  the  aziiiiutb  of  the 
primitive  plane  vt  polarization  was  20°,  the  rotatiou  of  tbe  plwe  of 
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yolarizatioD  was  18<>  W  aud  24<^  US'  for  tbe  two  bundles.  By  Freeoel's 
bypotbesis  the  chauge  ia  tlie  velocity  of  Jigbt  from  tbe  motioo  of  tii« 
medinm  is  j:(  ^  ~    \v.    Tbe  greatest  available  velocity  for  the  mediam 

is  that  of  tbe  4^^artb  Id  its  orbit,  viz,  101,708  feet  per  socoud  (31,000 
meters).  At  tbe  time  of  the  solstices  this  motion  ts  borizontal,  and  from 
eatst  to  west  at  noon.  If  tbe  incident  light  comee  from  the  west,  the 
velocity  of  light  i«  diniioisbed  by  Fresuel's  fraction  of  tbe  velocity  of 
the  earth.    If  the  light  comes  from  the  east,  its  velocity  is  increased  by 

the  same  amount.    The  change  in  the  index  of  refraction  f  or-^}  is 

equal  to  "  {fi' — 1);  this  for  an  index  of  1.513  amounts  to  fyf^,,.     Measure- 

ineuts  show  that  in  glass,  the  index  increasiug  by  a  certain  fraction, 
the  rotation  iucroascH  by  a  fraction  four  andone-half  times  greater,  nod 
tbe  consequent  change  in  tbe  plane  of  polarization  would  be  ^^.  Tlie 
total  change  on  reversing  tbe  direction  from  which  tbe  light  came  woukl 
be  j^ED-  i'  tbe  incidence  is  70°,  and  allowance  is  made  for  the  cbaogo 
of  direction  insideof  tbe  glass,  the  fraction  becomes  j^^jc  Whenaray 
of  light  falls  on  a  single  plate  of  glass  at  an  angle  of  70°,  if  its  plaueof 
primitive  polarization  makes  an  augle  of  20°  with  the  plane  of  refrac- 
tion, this  plane  is  changed  by  C^  iif.  This  multiplied  by  j^g^  gives 
sixteen  seconds  for  the  probable  efi'ect  of  the  earth's  motion.  WiUi 
forty  such  plates  tbe  efi'ect  would  be  increased  to  t«n  and  two-third 
minutes.  Two  mirrors  were  used,  one  to  the  east  and  the  other  to  the 
west,  and  light  could  be  sent  by  a  hcliostat  upon  either  one.  Tbe  ap- 
paratus was  easily  turned  through  180'^  so  as  to  receive  successively 
tbe  light  which  travelled  with  or  agaiust  tbe  earth's  motion. 

With  a  single  pile  of  plates  highly  inclined  aud  a  second  pile  lees 
inclined,  of  more  highly  tempered  glass  and  in  the  opposite  azimuth,  a 
rotation  of  50'^  could  bo  produced,  wbUe  the  tendencies  to  elliptical 
polarization  were  exactly  balance*].  The  motion  of  tbe  earth  conid 
modify  this  result  to  the  extent  of  only  two  miuntes;  which  is  too  small 
for  accurate  observation.  Fizeau  then  resorted  to  a  device  already  in- 
dicated by  Botzeubart  for  amplifying  this  effect.  A  small  variation  Id 
the  primiti  vc  plane  of  polarization  produces  a  greater  effect  the  smaller 
tbe  azimuth  of  this  plane.  If  the  original  azimuth  is  only  5°,  a  small 
change  in  tbe  azimuth  trebles  the  value  of  the  rotation.  A  large  robi- 
tiou  is  flrst  produced  on  a  rny  whose  azimuth  is  large,  and  then  this 
rotation  is  largely  changed  by  another  pile  so  placed  that  tbe  ray  enters 
it  under  a  small  azimuth.  More  than  two  thousand  measurements  were 
made  uuder  various  conditions.  For  noon  observations  at  the  time  of 
solstice  tbe  rotation  was  always  greater  when  the  light  came  from  the 
west,  and  was  less  at  other  times  of  day.  Tbe  excess  iu  the  value  ot 
the  rotation  wbeu  tbe  light  came  from  the  west  varie^l  between  30'  and 
155',  according  to  tbe  different  ways  in  which  the  pUea  of  plates  were 
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oombiDed.  The  difference  iu  the  values  of  the  rotatioa  accordiog  as 
tlie  light  came  l^om  the  nest  or  east  was  coQsistent  with  a  change  ia 
the  iodex  of  refraction  correspondiag  to  FresnePh  hypothesis.  Fizeaa 
iudicated  his  intentioD  of  renewing  the  research  with  improved  appa- 
ratus, bat  no  further  publication  on  the  subject  by  bini  ciui  be  found. 

Faye  has  criticised  this  iDvestigation  of  Fizeau,  on  tlie  ground  that 
be  has  taken  do  account  of  the  motion  of  the  solar  system  towards  the 
constellation  Hercoles.  This  motion,  recognized  by  astronomers  on 
Bobatantial  evidence,  amounts  to  25,8iS9  feet  per  second  (7,804  meters) 
at  its  mazimnm.  Its  influence  is  almost  zero  at  noon  of  the  solstices. 
Bat  it  increases  after  noonday.  Faye  examinea  Fizeau's  observations 
ttip.  M.,  and  flnds  discrepancies  of  12'  or  15'  between  the  results  of 
tbeory  and  observation.  By  ueglectiug  the  term  which  corresponds  to 
tlie  motion  of  the  solar  system,  Fizeau's  observations  accord  better  at 
all  lionrs  of  the  day.  Must  the  inference  be,  Faye  asks,  that  the  solar 
system  does  uot  movol  Tessan,  in  reply  to  Faye,  says  that  the  sun, 
from  which  Fizeau  derived  the  light  used  in  his  experiments,  moves 
vitb  the  rest  of  the  solar  system ;  and  that  therefore  Fizeaa  was  Jnsti- 
fled  in  neglectiag  tlie  term  which  expresses  this  motion,  as  of  no  effect  on 
his  calcDlations.  Fizeau's  theory  depends  only  on  the  relative  velocity 
betweeu  the  sooree  of  light  and  the  bo<ly  which  receives  it;  that  is,  the 
velocity  of  revolution  and  rotation  of  the  eartb. 

In  1881,  Professor  Michelson  published  the  results  of  his  investigation 
on  this  delicate  problem.  He  first  calculates  the  probable  difference  of 
time  taken  by  the  light  in  going  and  returning  over  a  given  distance, 
according  as  that  distance  lies  in  the  direction  of  the  earth's  motion  or 
at  right  angles  to  it  If  the  distance  were  1,200  millimeters,  the  differ- 
ence of  time  translated  into  space  would  be  equal  to  onetwenty-fifth  of 
awave-leugth  of  yellow  light.  The  apparatus  was  ingeniously  devised 
80  as  to  bring  about  fringes  of  interference  betweeu  the  two  rays  which 
bave  travelled  on  rectangular  paths.  The  whole  apparatus  was  then 
toroed  ronod  bodily  through  90°,  so  as  to  exchange  the  conditions  of 
tbe  two  interfering  rays.  Special  apparatus  was  made  for  this  experi- 
fflent  by  Schmidt  and  Haenscb  of  Berlin,  and  was  mounted  on  a  stone 
pier  at  the  Physical  Institute  of  Berlin.  It  wasso  sensitive  to  accident- 
al vibrationsthat  it  could  not  be  used  in  the  day-time,  nor  indeed  earlier 
than  midnight.  To  secure  greater  stability  tbe  apparatus  was  moved 
to  the  Astrophysikaliscbes  Obserratoriam  in  Potudain,  in  charge  of  Pro- 
ftasor  Vogel.  But  even  here  the  stone  piers  did  not  give  sufflcieut  pro- 
tecUon  against  vibration.  The  apparatus  was  then  placed  in  tlie  cellar, 
the  vails  of  which  formed  the  foundation  for  au  equatorial.  But  stamp- 
ing with  the  feet,  though  at  a  distance  of  100  meters,  made  tbe  fringes 
disappear. 

Tbeexperimeota  were  made  in  April,  1831.  Attbis  time  of  the  year,  the 
earth's  motion  in  its  orbit  coincides  roughly  with  the  motion  of  tbe  solar 
Rjstem,  viz,  towards  tbe  couetellatioa  Hercules.    This  dUectiuo  M,iQ- 
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cliiied  about  2fi°  to  tlie  plane  of  tbe  earth'ti  eqnatorraod  a  tangent  to 
the  eartb'M  motion  in  its  orbit  makes  au  aitgle  of  23^'^  with  the  plane 
of  the  equator.  The  resultant  woulil  be  witbiu  25°  from  the  eqoalor. 
Tbe  nearer  tbe  components  are  in  magnitude,  the  inore  nearly  nould 
the  resultant  coincide  with  the  equator.  If  tbe  apparatus  is  placed  so 
that  tbe  arms  point  north  and  east  at  noon,  the  eastern  arm  would  ooiu- 
cide  with  tbe  resultant  motion  of  tbe  earth,  and  the  northern  arm  would 
be  at  a  right  angle  to  it.  The  displacement  produci.'d  by  revolving  tbe 
whole  ibrougb  90*^  sbould  amoimtto  oue-twenlytiftb  of  the  intervi^  be- 
tween two  fringes.  If  the  proper  motion  of  the  solar  system  is  small 
compared  with  the  velocity  of  the  earth  in  its  orbit,  the  displacement 
would  bo  less.  Mr.  Miebelson  drew  from  these  experiments  tbe  conclu- 
sion that  there  waa  not  aguffinientdisplaconientof  the  fringes  to  support 
tbe  theory  of  aberration,  which  supposes  tbe  tether  to  move  with  a  cer- 
tain fraction  of  the  earth's  velocity.  The  displacement  however  was 
BO  small  that  it  easily  might  have  been  masked  by  errors  of  experimeot. 
Mr.  A,  Graham  Bell  supplied  Mr.  Michelson  with  the  money  required 
for  this  iuvestigation, 

In  1886,  Mr.  Michelson  and  Mr.  Morley  published  a  pu)>er  on  tbe  in- 
fluence of  tbe  motion  of  tbe  meitium  traversed  by  the  light  on  its  ve- 
locity. Pizeau  bad  made  similar  experiments.  In  both  cases  tbe  in- 
terfering rayd  were  changed  in  velocity  in  opposite  ways  by  flowing  air 
or  water  through  which  they  were  transmitted.  With  air  having  a  ve- 
locity of  about  S2  feet  (25  meters)  a  second,  the  effect  was  so  small  that 
it  might  easily  be  covered  up  by  errors  of  experiment ;  but  with  water 
it  was  measurable,  and  tbe  result  corresponded  with  the  assumption  of 
Fresnel,  that  tbe  letber  in  a  moving  botly  is  stationary,  except  the  por- 
tions which  are  condensed  around  its  particles.  In  this  sense,  it  may 
1)e  said  that  the  a-ther  is  not  affectt'd  by  the  motion  of  the  medium  which 
it  permeates.  For  tbis  investigation,  which  was  ma<le  ]K»ssible  by  a 
grant  from  tbe  Bacbe  Fund  of  the  National  Academy,  Mr.  Michelson 
and  Mr.  Murley  devised  a  new  instrument,  called  the  refractometer. 
Cornu  writes  of  Michclson's  exi>erimeuta  on  moving  me<lia :  "  Lear  tra- 
vail con9u  dans  I'esprit  le  pins  &e^6  ^xecutiS  avec  ces  puissant  moyens 
deletion  que  les  savants  des  £tats-Unis  aimant  &  d^ployer  dansles 
graiidcs  questions  scieotifiques  fait  le  plus  grand  bonuenr  itleursaa- 
teurs." 

In  1SS7,  Professor  Michelson  published  another  investigation  of  tbA 
question  whether  the  motion  of  the  earth  iu  ita  orbit  carried  its  iether 
with  i:.  In  bis  previous  ex])erimeut  his  apparatus  was  sensitive  to  the 
smallest  Jars,  and  it  was  difficult  to  revolve  it  without  producing  distor- 
tion of  tbe  fringes,  and  an  effect  amounting  to  only  one-twentieth  of 
the  distance  between  the  fringes  might  easily  be  hidden  by  accidental 
errors  of  experiment.  In  the  new  experiment  the  apparatus  was  placed 
on  a  massive  rock,  wLicli  rt-stcd  on  a  wooden  base,  which  floitted  niioii 
mercury.    The  stone  was  1.5  meters  square  and  0.3  of  a  meter  thick, 
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At  each  coraer  four  mirrors  were  placed,  by  reflection  from  wbivb  tbe 
length  of  path  b^versed  by  tbe  ligbt  was  increased  to  ten  times  its 
former  value.  Tbe  width  of  the  frin^rea  of  iDterference,  which  were 
the  subject  of  obBervation,  measured  from  forty  to  sixty  divisions  of 
tbe  observing  micrometer.  The  light  came  from  ao  Argaud  burner  sent 
tiiroagb  a  leus.  Tit  prevent  jars  from  stopping  and  starting,  the  float 
vas  kept  constantly  in  slow  circulation,  revolving  ouce  in  six  miuntes. 
Sitteen  equidistant  marks  were  made  on  the  stationary  frame-work 
within  which  the  float  moved.  Observations  were  taken  on  tbe  fringes 
whenever  any  one  of  these  marks  came  in  tbe  range  of  the  micrometer. 
Tlie  observations  were  made  near  noon  aud  at  6  p.  h.  Tbe  noon  and 
eveniog  observations  were  plotted  on  separate  curves.  One  diviaiou 
of  tbe  micrometer  measured  one- fiftieth  of  a  wave-length.  Mr.  Michel- 
son  vas  coofldent  that  there  was  no  displacement  of  the  fringes  exceed- 
ing oDe-bundredth  of  a  wavelength.  It  should  have  been  from  twenty 
to  forty  tiroes  greater  than  this.  Mr.  Michelson  concludes  that  this 
resalt  is  in  opposition  to  Fresnel's  theory  of  aberration. 

As  late  as  1872,  Le  Verrier  thought  that  a  new  measurement  of  the 
velocity  of  light  by  Fizean  very  important  in  tbe  interest  of  astronomy; 
and  in  1871,  Cornu  wrote  that  the  parallax  of  tbe  sun,  and  beuce  the 
size  of  tbe  earth's  orbit,  were  not  yet  known  with  the  desirable  precis- 
ion. Id  ld?5,  Yillaroeaa  made  a  commnoication  to  the  Paris  Aca«lemy 
on  the  theory  of  aberration.  Be  says  that  the  parallax  of  the  sun  by 
astronomical  measarement  is  8" .86,  Fouuault's  velocity  of  light  com- 
bined with  Stmre's  aberration  makes  the  sun's  parallax  S".86.  Gornu's 
velocity  of  light  gives  the  same  result  only  when  it  is  combined  witii 
Bradley's  al>erratioD,  which  differs  from  that  of  Struve  by  0".2O.  Vil  ' 
Urceaa  thinks  that  there  la  an  uncertainty  about  tbe  valup  of  aberra- 
tion on  account  of  the  motion  of  the  solar  system.  In  1883,  M.  O.  Struvo 
discussed  seven  series  of  observations  made  by  his  father,  Kyr^n,  and 
others,  with  various  instruments  and  by  different  methods,  at  the  Ob- 
servatory of  Pulkowa.  He  was  certain  that  tbe  mean  result  for  the 
value  of  abeiration  was  20".493,  with  a  probable  error  of  less  than  -,  Jf, 
of  a  second.  This  aberration,  co  nbiued  with  the  velocity  of  ligbt  as 
deduced  from  tbe  experiments  of  Gornu  and  Michelson,  made  the  paral- 
lax of  the  sun  8". 784 ;  differing  from  the  most  exact  results  of  the  geo- 
metric method  by  only  a  few  huudredtbs  of  a  second.  Villarceau  pro- 
posed to  get  the  solar  motion  by  aberration ;  selecting  two  places  on 
tbe  earth  in  latitude  35^^  16'  north  and  south,  aud  after  tbe  example  of 
Strove,  observing  tbe  zenith  distances  of  stars  near  the  zenitfa.    The 

tangents  of  these  latitudes  are  i:  .-  so  that  they  contain,  the  best  sta- 
tions for  obtaining  tbe  constant  of  aberration,  and  the  three  components 
of  tbe  motion  of  translation  of  the  solar  system.  In  1887,  TJbagbs,  a 
Belgian  astronomer,  publishe<l  his  results  on  tbe  determination  of  tbe 
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direction  ami  velocity  of  tlie  movenaent  of  the  solar  system  tbrougti 
space.  For  Siiilmf  tbe  direction  lie  used  tUe  method  of  Folie.  Pw 
calculating  tbe  velocity  he  combined  the  observations  ou  three  gnraps 
of  stars,  the  brightest  belougiug  probably  to  tbe  solar  oebala.  The 
resnltiug  velocity  was  only  about  I0,no0,000  miles  a  year.  Homaan, 
working  on  tbe  spectroscopic  observations  at  Greeowich,  bad  obtained 
a  velocity  of  527,00U,(H>0  of  miles.  As  late  as  1887,  Fizeau  studied  the 
nature  of  tbe  phenomena  when  light  was  reflected  from  a  mirror  mov- 
ing with  a  great  velocity,  and  iuferretl  that  aberration  was  tbe  same  in 
this  case  ns  when  tbe  light  was  taken  directly  from  a  star. 
Tbe  solar  jiarallav,  CKlculat«d  from  Coraa'a  laat  eiperiuieDC  on  the  velocity 
of  ligbt  aid  Del  a  HI  bre'a  equation  of  light  (4II3".2  beiog  the  time  for  p«H- 

iag  over  Ihs  radius  of  the  earth's  orbit) ....................... =t4".ti78 

Ftuiu  Struvu's  observed  aberration 0".797 

From  Bradluy'a  observed  ubeiratiou 8"^1 

Fiom  FoaoaiiU's  velocity  with  Slruve'e  abecrstion 9'Mi 

Prom  Le  Verrier'it  latitudes  of  Vodus  hy  (raneita 8".S53 

From  itieridinn  obitcrvntions  of  Venus  dnring  106  yeani 8".>fi9 

From  occultatiouHOf^  Aquarius  iu  1672 «".Bfi6 

Gluseuapp  calculated  the  time  taken  by  tbe  light  in  travelling  the 
mean  distance  of  the  earth's  orbit  aa  equal  to  600'.85  ±  1.02.  Tbis 
time  combioed  with  Michelson's  velocity  of  light  makes  tbe  solar  paral- 
lax 8".76.  Struve's  constant  of  aberration  with  Micbelsou's  velocity 
gives  a  parallax  of  8".81.  From  Gill's  mean  of  the  nine  best  modem 
determinadoDS  of  aberration  (=20" .4%)  the  parallax  comes  out  equal 
to  8". 78.  If  we  regard  the  solar  parallax  as  known,  the  eclipses  give 
nearly  the  same  velocity  as  aberration,  though  the  former  is  a  group- 
velocity  and  tbe  latter  a  wave-velocity.  Gill's  parallax  from  observations 
of  Mars  (8".78)  agrees  with  Michelsou's  velocity  of  light  and  tbe  mean 
constant  of  aberration. 

Ill  1877-'78,  Lord  Rayleigb,  in  his  profound  treatise  on  the  Theory  of 
Sound,  discussed  tbe  distinction  between  wave-velocity  and  group- 
velocity.  In  1881,  he  recognized  the  same  diS'erence  in  tbe  case  of 
luminous  waves.  Iu  tbe  experiments  of  Young  and  Forbes,  the  wave- 
velocity  might  be  nearly  three  per  cent,  less  than  the  group-velocity. 
With  toothed  wheels  and  tbe  revolving  mirror,  group-velocity  was  the 
subject  of  observation.  Aberration  gave  wave-velocity;  Jupiter's  sat- 
ellites, group-velocity;  experiment  however  showed  bat  little  differ- 
ence. Lortl  Bayleigh  found  forunlse  for  tbe  relation  between  these  two 
kinds  of  velocity,  which  involved  the  wave-length  atid  tbe  idex  of  re- 
fraction, and  J.  Willard  Gibbs  has  compared  them,  and  other  formal^ 
proposed  by  Scbust«r  and  Gouy,  with  the  experimental  velocities  of 
light.  Michelsou's  experiment  ou  tbe  index  of  refraction  of  carbon 
disulpbide  agrees  with  tbe  assumption  that  he  was  dealing  with  tbe 
group- velocity. 

Although  there  is  not  a  complete  accordance  between  tbe  resnltaitf 
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differeiit  methods  of  invesUgatiou,  astronomers  and  pbysic-ista  will  be 
slow  to  abHudou  tlie  tlieory  of  audulations,  aod  take  up  again  the  cor- 
pcwnlar  theory  of  ligbt.  Tbe  latter  tbeory  lia»  reueived  fatal  blows 
iroai  wbicb  it  tsaiiuot  recover.  The  iindulatory  theory,  which  started 
with  Uuygbetm  more  than  two  hundred  years  ago,  and  was  elaborated 
by  Fresnt^l  sixty  years  ago,  has  survived  many  crises  in  its  history,  and 
is  supported  by  a  wonderful  array  of  experimenls.  Some  of  the  expert- 
mento  of  Mr.  Michelson  may  requiro  a  modilituitiou  in  Fresnet'u  inter- 
pretation. Stokes  and  Gballis  have  worked  for  many  years  upou  it, 
and  established  it  on  mathematical  princii)leB  differiug  from  Fresuel'u 
and  ftom  each  other,  Ketteler  in  bis  Theoreti*ehe  Opttk,  published  iu 
18S5,  builds  upon  the  Sellmeier  hypothesis,  that  ponderable  particles 
are  excited  by  tbe  tetherial  vibrations  and  then  re  act  upon  them.  There 
remains  Maxwell's  electro-magnetic  theory  of  ligbt,  which  has  been 
elaborated  by  Glazebrook  and  Fitzgerald,  aod  is  supported,  to  say  tbe 
leaet  of  it,  by  remarkable  Domerical  coincidences. 

Disvrepaucies  between  tlieory  and  experiment  are  always  to  be  wel- 
cotued,  as  they  contain  the  germs  of  future  discoveries.  We  have 
learned  in  astronomy  not  to  be  alarmed  by  them.  More  than  once  the 
law  of  gravitation  has  been  put  on  trial,  resulting  iu  a  new  discovery 
or  in  improved  matbomatical  analysis.  We  may  not  expect  in  light 
auch  a  brilliant  discovery  as  that  of  tbe  planet  Neptune.  The  luminif- 
eroEis  lether  is  a  mysterious  substance,  enough  of  a  fluid  for  tbe  planets 
to  pass  easily  through  it,  but  at  the  same  time  enough  of  a  solid  to  admit 
of  trausverse  vibrations.  Stokes  suggests  water  with  a  little  glue  dis- 
solved in  it  as  a  coarse  representation  of  what  is  required  of  the  tether. 

Mr.  U.  A.  Hiru  has  written  recently  on  the  constitution  of  celestiHl 
fpaee.  He  decides  against  the  existence  of  an  all-pervading  medinm. 
He  thinks  that  matter  exists  in  space  ouly  in  the  coudition  of  distinct 
bodies,  such  as  stiirs,  planets,  satellites,  and  meteorites.  In  nebulsB  it 
is  ID  a  8tat«  of  extreme  dift'nsiou ;  bat  elsewhere  space  is  empty.  But 
how  would  it  be  after  tbe  correction  is  applied  forthe  equation  oflightt 
Homboldt  said  that  tbe  light  of  distant  stars  reaches  us  as  a  voice  from 
tbe  past.  Tbe  astronomer  is  not  seeing  for  the  most  part  contempo- 
raaeons  evente.  He  is  readiug  history;  and  often  ancient  history,  and 
of  very  different  dates.  Stellar  photography  reveals  millions  of  stars 
vhich  cannot  be  seen  iu  tbe  largest  telescopes,  and  now  harvests  of 
these  blossoms  of  heaven  {as  they  have  been  called)  spring  up  like  the 
grass  in  tbe  night.  Numbers  fail  to  express  their  probable  distances 
and  the  time  takeu  by  their  light  iu  coming  to  the  earth.  In  the 
tlieogony  of  Hesiod,  the  brazen  anvil  took  only  nine  days  in  falling 
from  heaven  to  earth.  On  the  other  band,  the  reduction  of  the  sun's 
distance  by  three  per  cent,  not  only  ait'ects  its  mass  and  heat,  but  it 
changes  tbe  unit  of  measure  for  the  universe.  Such  are  the  remote 
Ksnlts  of  any  change  in  the  estimated  velocity  of  light. 
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We  may  thaak  Professor  Michelson  uot  only  for  what  lie  has  estab- 
lished, but  also  for  what  he  has  unsettled.  In  his  various  researches, 
which  I  have  hastily  sketched,  but  which  require  diatuams  or  models 
to  be  (ilearly  understood,  be  has  displayed  high  intelligcnc"',  great  ei- 
periinental  skill  aud  iiif;eiiuity,  and  unfiaggiug  perseverance.  Witb  a 
full  appreciation  of  bis  work,  the  Rainford  Committee  recommentled, 
and  the  Academy  voted,  that  the  Bumford  Premium  be  awarded  to  him. 
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By  R.  Radau. 
TrftDe1at«d  by  Aarok  N.  Skinner,  U.  S.  Nacal  Oburvatorg. 


To  obtain  tbe  greatest  result  nitb  tbe  least  effort,  is  not  this  the 
Thole  problem  of  modero  induBtry .  a  problem  wbich  determines  gradu- 
ally tbe  development  of  implements  aud  machines  t  The  engines  wbich 
be  invents  permit  man  to  infinitely  multiply  the  efficiency  of  hisorgann, 
to  extend  their  fitness,  and  to  relieve  them  from  the  demands  of  excea- 
aive  efforts;  tbey  assist  bim,  free  him,  more  and  more  from  the  harsh 
servitude  of  material  labor.  Confining  himself  henceforth  to  oversee- 
ing tbe  apparatus  which  labors  for  bim,  in  proi)oi  tion  as  he  fatigues 
himself  less,  be  produces  more  and  at  much  better  advantage.  There 
is  uo  comparison  between  the  fabrication  of  n  thousnnd  ticedles  from  a 
maunfactory,  and  the  work  of  an  artisan  who  undertaken  fashioning 
them  oue  by  one  by  his  own  unaided  efforts. 

It  is  a  progress  of  tbe  same  order  which  realizes  to-day  tbedefiuitive 
introduction  of  photography  in  astronomical  observations:  It  is  to 
deliver  the  astronomer  from  a  labor,  thankless,  painful,  irksome,  and 
fatal  for  the  eyes.  When  ten  years  ago  I  spoke  in  this  journal  of  the 
great  prospects  of  celestial  photogriipliy  1 1  dared  scarcely  to  hope  that 
routine  and  prejudice  would  be  disarmed  so  speedily.  Indeed  the 
first  attempts  in  astronomical  photography  go  as  far  back  as  1840,  and 
during  uearly  half  a  century  frequent  attempts,  unhappily  always  iso- 
lated, have  shown  that  the  difficulties  of  the  problem  have  not  been 
insoluble;  but  on  account  of  tenacious  prejudices,  a  blind  adherence  to 
the  past  proscribed  the  parapherualia  of  photography  from  the  sanctu- 
aries or  kept  up  the  traditions  of  Cassini  and  of  Bradley.  It  is  in 
these  later  years  that  finally  this  spontaneous  eothusiasm  appeared,  this 
graud  movement  which  has  found  its  expression  in  the  "^stro-photo- 
graphic  Congress,"  convened  in  Paris  in  tbe  mouth  of  April,  1887,  and 
which  promises  to  begin  a  work  of  the  highest  importance  for  future 
ages,  the  photographic  execution  of  a  general  chart  of  the  sky, 

•  From  tha  fleriir  de*  Dtax  Mo«df$ ;  April  1,  1889,  vol.  xcii,  pp.  G26-<M9.  I.— E. 
UoQchei,  "ABtroDomicnl  FLotognphy  at  tho  PariB  Obtiei'vntoTy  and  the  chart  ol'  tho 
■•ky,"  Park,  IBr^T.  II.~nu]|etin  of  tlio  Permanent  liiterDatiunal  Committee  for  tbe 
neeotioD  of  tbe  pbotoccapbio  ctinrt  of  tbe  sky,  16tM,  imi. 

t  Ktete  ia  Dtuj  Monda  ot  Febmary  15,  1878.  n   ,„  hCiQDqIc 
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I. 

TbJB  applicatiou  of  pbotog;rspby  is  howeverso  reasonable,  its  rdte  was 
80  clearly  indicated  and  so  well  foreseen,  tbat  it  seems  an  equal  prog- 
ress ongbt  to  bave  been  obtaiued  iudeed  from  tbe  first  Tbcre  iras 
one  problem  wboae  solution  was  perfectly  circumscribed ;  it  was  tndy  iio. 
more  tban  a  question  of  time  ami  money.  The  history  of  photography, 
since  its  origin,  is  like  the  logical  development  of  a  thought  which 
is  realized  in  a  continuous  manner  before  our  eyes.  Ibe  gropings  by 
wbicb  we  discover  substances  more  and  more  sensitive,  or  the  means  of 
retaining,  of  fixing,  more  and  more  permanently,  tbe  fugitive  traces  of 
phenomena,  all  these  ought  to  be,  m08tcertuinly,hastene(I  and  matured 
more  si>eedi1y  in  the  fact  of  having  a  prize  to  gain;  and  here  appear 
clearlytiie  conditions  always  more  tyrannical  than  expense  in  the  scien- 
tificenterprises  of  our  epoch. 

Chemistry  and  the  mechanical  art«  have  singnlarly  multiplied  there- 
soorces  of  astronomers  of  tbe  close  of  this  century.  Is  there  any  occa- 
sion to  recall  tbe  progress  accomplished  in  the  nianDfacture  and  grind- 
ing of  optical  glass,  in  the  mounting  of  great  telescopes,  in  silvered  mir- 
rors, in  electric  chronographs,  in  the  spectroscope  and  in  spectral  analy- 
sis, whose  entry  on  tbe  scene,  so  brilliant  and  so  nnexpected,  probably 
diverted  for  some  time  the  attention  of  astronomers  from  tbe  develop- 
raent  of  photographic  processes!  Unhappily  this  instrument,  so  potr- 
erfal,  this  new  apparatus  which  has  extended  tbe  domiuo  of  observa- 
tion, is  very  costly.  In  order  to  bring  it  into  seivice,  great  efforts  of 
eloquence  are  almost  always  necessary,  because  tbe  scientitlc  budget, 
HK  is  well  known,  is  one  whose  endowment  is  generally  meAsnred  with 
the  greatest  parsimony.  It  is  in  such  a  situation  as  this  that  the  assem- 
bly of  a  congress,  with  its  solemn  publicity,  its  persuasive  programmes, 
and  its  imperious  desires,  offers  always  the  best  means  of  overcoming 
an  opposition  which  is  inspired  by  an  ill-conceived  economy. 

The  congress  which  held  its  sessions  at  the  Paris  Observatory,  two 
years  since,  and  which  was  called  by  Admiral  Monchez,  nnder  tbe 
nuspices  of  tbe  Academy  of  Sciences,  had  in  view,  primarily,  tbe  exe- 
cution of  a  chart  of  the  sky.  It  comprised  fifty  astronomers,  who  came 
from  all  parts  of  the  globe,  some  already  familiarized  for  a  long  time 
with  the  pratique  of  celestial  photography. 

It  would  be  irksome  to  enumerato  hero  even  once,  all  the  attempts 
which  bave  been  made,  since  Daguerre,  to  bring  photography  into  the 
service  of  descriptive  astrormmy  and  the  astronomy  of  precision.  Re- 
calling only  that  the  most  difSciilt  part  of  the  problem,  the  photographic 
re  production  6f  stars,  had  been  entered  upon  with  some  success  in 
America  by  G.  P.  Bond  (soon  sifter  the  introduction  of  tbe  collodion 
process  permitted  tbe  shortening  of  the  time  of  exposure),  alwnt  1857, 
the  photography  of  stars  to  the  sixth  oraevcnrh  magnitude  had  been  at- 
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Warren  do  La  Bne,and  later  in  America,  with  a  success  continually  in- 
creasing, by  Mr.  ButUerfurd  and  by  Mr.  B.  A.  Gould,  charged  with  the 
direction  of  the  Cordoba  Obaeivatory  under  the  fine  sky  of  the  Argen- 
tine Bepublic  Gould  began  his  work  in  this  line  almut  1875  and  sue 
ceeded  in  gathering,  in  a  few  years,  a  collection  of  more  tbau  a  thousand 
Btellar  photographs  of  the  highest  interest  After  having  tested,  him- 
self, the  slowness  of  the  wet  collodion  jirocess,  he  was  able  at  a  later 
date  to  utilize  bromide  of  silver  gelatine  dry  plates,  the  invention  of 
which  marked  a  new  phase  iu  celestial  photography,"  It  is  necessary, 
Anally,  to  meution  here  the  attempts  in  stellar  photography  of  Henry 
Draper,  of  Ainslie  Common,  and  Isaac  Roberts,  who  have  studied  the 
respective  advantages  of  refractors  and  reflectors  with  silvered  mirrors ; 
of  Pickering,  who  has  constructed  for  the  Harvard  College  observatory 
at  Cambridge,  United  States  of  America,  a  photographic  eqnatorinl 
specially  designed  for  the  rapid  execution  of  celestial  charts  on  a  mod- 
erate scale;  of  David  Gill,  the  eminent  director  of  ihe  observatory  of 
tbe  Cape  of  Good  Hope,  who  commenced  in  1835  a  photogt-aphic  revis- 
ion of  the  southern  sky,  comprising  tbe  stars  to  the  ninth  or  tenth 
magnitudes,  similar  to  the  catalogue  pre|>arcd  by  Argelandcr  for  the 
northern  sky. 

At  the  Paris  Observatory  like  labors  have  been  also  pursued  for  some 
years  with  moat  marked  success.  Paul  and  Prosper  Henry  had  under- 
taken, in  1871,  to  continue  tbe  ''  ecliptic  chart"  commenced  by  Cliacor- 
nac  who  had  been  able  to  execnteitonly  inpart.  This  chart,  extremely 
Dsefnl  in  searching  for  small  planets,  wbiob-was  to  contain  all  stars  to 
the  thirteenth  and  fonrteenth  magnitudes,  extended  along  theecliptic 
in  a  zone  five  degrees  in  breadth.  Now  at  a  certain  point  the  Henry 
brothers  found  themselves  arrested  iu  this  work  by  the  manifest  im- 
possibility of  constructing,  by  old  processes,  the  sections  of  ihe  charts 
where  the  swarming  of  the  stars  announces  the  approach  of  the  Milky 
Way.  Jt  was  then  that  they  decided  to  resort  to  photography.  They 
were,  says  Admiral  Monchez,  admirably  prepared  to  conquer  these  dif- 
ficulties. "  Following  the  traditions  to-day  too  much  forsaken,  of  great 
astronomers  of  former  times  who  employed  their  own  hands  iu  the  con- 
struction of  their  instruments,  they  devoted  for  a  long  time,  in  their 
modest  work-shop  of  Montrouge,  all  the  moments  of  liberty  which  were 
left  them  from  their  very  active  service  at  the  I'aris  observatory,  in  the 
stndy  of  tbe  giinding  and  polishing  of  optical  glass.  An  extensive  ac- 
quaintance with  theqnestiouH  forsolation,  the  harmony  of  fitness  some- 
what different  and  very  happily  associated  in  two  brothers,  an  ener- 
getic will  and  a  persevering  labor,  which  no  distraction  ever  chanced 
to  trouble,  could  not  fail  in  assuring  for  them  a  well-merited  success. 
They  became,  in  a  few  years,  the  most  skillful  artists  of  France,  and 
their  fame  was  no  less  great  among  foreigners."     After  having  con- 

•  EifBt : ' '  Notes  on  the  hisloi;  of  ostioootnical  photography."  ( Bulletin  aitrtmomigiie 
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stTDuted,  by  way  of  trial,  au  objective  of  0.16",  which  gave  very  good 
resalts,  tlie  Heury  brothers  lUKlertook  to  execute  the  optical  part  of  a 
deflnitiTe  apparataa  of  OiSS*"  Id  aperture,  for  whicli  Hr.  Oautier  was  to 
furnish  the  mechanical  part.  The  uew  itistrament  waa  monnted  at  the 
observatory  in  1885  and  has  not  ceased  aiuce  then  to  be  in  active  use. 
The  sensitiveness  of  tbe  plates  is  snch  that  the  image  of  a  »tax  of  the 
first  magnitude  is  obtained  in  less  than  a  handredtb  of  a  aecood ;  tJuit 
of  a  star  of  the  sixth  magnitude  in  a  half  second ;  for  the  tenth  magni- 
tude the  length  of  exposure  is  about  twenty  seconds;  for  the  fifteenth 
about  thirty-three  minutes ;  for  the  sixteenth  one  hour  and  twenly  idid- 
utes  ia  necessary.*  The  stars  of  tbe  sixteenth  magnitndet  Here  we 
are  alreadyfarbeyondthelimitsof  visibility  for  the  beat  telescopes  under 
tbe  sky  of  Paris !  "  Says  Mouchez,  even  stars  of  the  aeventeenth  magoi- 
tnde  have  been  certainly  obtained,  which  without  doubt  have  never 
before  been  seen."  Finally  tbe  Paris  plates  have  revealed  the  exist- 
ence of  nebulie  hitherto  unknown  in  the  reinons  which  had  been  ofteu 
explored  with  the  aid  of  the  most  poverftil  iustmments;  snch  ia  the 
nebnla  of  Mai'a,  in  tbe  Pleiades,  whose  presence  has  been  since  di- 
rectly verified. 

After  such  success  we  understand  that  tbe  director  of  the  observa- 
tory has  not  hesitated  in  taking  the  initiative  in  an  international  agree- 
ment ou  tbe  subject  of  the  execution  of  the  complete  chart  of  the  sky, 
by  the  meaus  of  photography.  The  possibility  of  this  considerable 
work  being  to-day  fully  demonstrated,  he  has  said  to  aatroDomers,  we 
have  assumed,  fur  tbe  science  of  tbe  foture,  the  trust  of  going  about  it 
without  delay;  whatever  may  be  the  value  of  tbe  works  in  course  of 
execution  in  the  various  observatories,  tbey  will  never  have,  for  the 
astronomers  of  future  ages,  an  importance  comparable  with  that  of  this 
general  inventory  which  we  shall  be  able  to  bequeitth  to  them.  It  is 
besides,  indispensable  for  ns  to  couoert  together  and  distribute  the  labor 
and  eonclnde  npon  a  plan  of  work,  in  order  to  avoid  the  waste  of  force, 
the  gaps,  and  the  useless  repetitions,  and  the  result  will  be  a  work 
truly  homogeneous.  In  regard  to  tbe  expense  whioluthe  enterpriK 
will  involve,'  it  will  be  without  doubt  large  enough  necessarily,  but 
very  inconsiderable  relatively  to  the  importance  of  the  result 

The  astro-photographic  congress  convened  in  Paris,  as  we  have  said, 
in  tbe  month  of  April,  1S87 ;  sixteen  nations  were  there  represented. 
At  the  commeucement  certain  technical  questions  were  settled;  tbe 
employment  of  reflecting  telescopes,  in  spite  of  the  advantages  which 
they  offer  in  some  connections,  has  been  rejected  for  tbe  execution  of 
the  chart  of  the  sky,  and  a  unanimoos  voce  recommended  reftactlDg 
telescopes;  they  will  be  constructed  similar  to  the  photographic  tele- 

*  W«  take  thJH  iu  form  a  Hon  from  tlie  iioiii^e  of  Admiral  Moacbec,  whiob  dates  ftom 
laar,  Imt  these  timoB  of  exposure  arc  already  much  sborteued  by  employioR  in«< 
sensitive  platoa,  suob  aa  tho  AiDoricsa  plates  which  Pickering  Qses,  RUd  irhieb  tba 
HenryahaveteatciUn  their  turn.  .-,  . 

n,g,t,7i.-JM,.CjOO<^IC 


PHOTOQEAPHY   IN  THE   8EHVICE  OP   ASTBOMOMT  473 

scope  of  tbe  Paris  observatory.  In  regard  to  the  limit  of  the  inagui- 
tudes  of  (he  stars  to  be  pliotograpbed  tbere  was  some  difficulty  iu  com- 
iDg  to  ao  agreemeDt.  Takiug  iiiio  coDsideratioo  tbe  ootabte  difference 
iu  tbe  length  of  exposure  necessary  for  bright  stars  and  very  faint 
Blara,  it  was  finally  decided  to  make  two  classes  of  plates  designed  for 
two  different  uses. 

For  the  double  series  of  plates  devoted  to  the  picture  of  tbe  sky, 
wbicli  is  to  comprise  tbe  stars  to  the  fourteenth  maguitnde,  the  length 
(tf  tbe  exposure  will  be  (in  the  climate  of  Paris  at  least)  in  the  vicinity 
of  twelve  minutes.  *  For  the  supplementary  series  of  plates  comprising 
the  stars  to  tbe  eleventb  magnitude  only,  and  whicb  must,  on  the  one 
hand,  secure  an  extreme  precision  in  tbe  micrometrical  measurement  of 
the  stars  of  reference,  and  ou  the  other  band,  furnish  the  elements  for 
i>  catalogue,  tbe  length  of  exposure  will  be  much  shorter  (about  thiri:y- 
five  to  forty  seconds).  This  catalogue  will  probably  contain  one  and 
one-half  million  stars, — more  than  double  the  number  that  are  cer- 
tuDly  known  to-day.  In  regard  to  tbe  nnmber  of  stars  which  will  be 
foaod  represented  upon  the  chart  properly  so  called,  it  may  be  esti- 
mated to  be  from  ten  to  fifteen  niillious.  The  two  series  of  plates  which 
irill  serve  for  constructing  tbe  chart  will  be  arranged  in  sucb  a  way 
that  the  image  of  a  star,  situated  in  the  corner  of  one  plate  of  the  first 
aeries,  will  be  found  as  near  as  possible  in  tbe  center  of  a  plate  of  the 
second  series ;  it  is  hoited  that  this  will  suffice  for  eliminating  false 
stars  and  remove  the  inconvenience  of  unsensitized  |>ointe  whicb  must 
exist  ou  t-he  plates. 

lD«dopting  for  tbe  chart  an  exposure  of  thirty  minutes,  it  would  be 
possible  to  reach  the  fifteenth  magnitude  and  obtain  a  double  or  triple 
namber  of  stars,  perhaps  thirty  or  forty  millions,  and  possibly  more. 
This  was  what  several  members  of  the  congress  desired,  wboconld  only 
with  reluctance  decide  to  curtail  thus  the  common  work  of  the  astron- 
oners  of  the  nineteenth  century.  Mouchez,  notably,  has  made  the  re- 
mark that  the  limit  to  which  we  are  confined  is  very  near  that  of  the 
aatwoids  which  are  discovered  every  day ;  to  obtain  appreciable  traces 
of  these  small  stars,  the  exposure  of  twelve  minutes  runs  tbe  risk  of 
being  insufficient.  Those  who  have  combated  the  extension  of  the  sur- 
rey beyond  the  fourteenth  magnitude  have  pleaded,  in  the  first  place, 
tbe  length  of  time  which  tbe  completion  of  the  chart,  under  these  con- 
ditions, would  demand.  In  reply  to  them  it  may  be  said  that  in  fixing 
at  14,000 1  tbe  total  number  of  plates  necessary  for  the  execution  of  the 
chart,  and  in  supposing  that  the  work  will  be  distributed  among  fifteen 
or  twenty  observatories  each  observatory  will  have  only  1,000  plates 
tofnmidh;  in  counting  twelve  minntes  to  each  plate,  the  worh  would 
easily  be  accomplished  in  one  or  two  years  ;  four  years  would  suffice,  in 

'Perbnpi  alw>  much  leM  witli  tbe  luore  aenftUive  p)nt«H. 

*  Id  coDDtiDg  6  sqaue  degrecB  to  *  pl&t«,  7,UU0  will  b«  needed  to  cover  tbe  aky ,  ftod 
14,000  witb  th«  dnplirates. 
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adopting  n  length  of  esposare  of  thirty  minates  in  order  to  reach  the 
fifteenth  uiagDitnde. 

Another  objection,  perhaps  more  serioos,  is  drawn  from  the  impoeai' 
bility  of  ntiliziog  aach  a  saper-abundaDce  of  material.  What  will  yoa 
do,  said  David  tiill,  with  the  images  of  so  many  millions  of  stars  when 
once  yon  have  obtained  them  t  Where  will  joa  find  enoagb  a^rono- 
uers  to  make  ase  of  them  t  We  are  not  in  the  floating  island  of  Lairnta, 
where  all  men  are  exolnsively  occnpied  with  mathematics  so  that  it  is 
always  necessary  to  strike  them  on  the  head  with  a  bag  containing  dry 
peas  to  awaken  them.  These  remarks  under  their  playfal  form  are  very 
just.  The  answer  to  this  was  that  the  fatnre  would  devise,  without 
<loubt,  processes  of  study  more  rapid  than  onrs,  and  that  it  wonid  not 
l>e  necessary  to  deprive  our  snccessors  of  tJcasores  which  cost  us  so 
little  to  bequeath  to  them.  Id  any  case,  Moachez  said,  we  would  always 
consider  these  plates  as  documents  to  consult,  withont  being  compelled 
to  study  them  in  their  smallest  details,  in  the  same  manner  as  we  pos- 
sess a  library  or  encyclopedia,  not  for  the  reading  of  all  their  volumes 
from  one  end  to  the  other,  bat  for  searching  there  iu  a  given  junctnie 
for  the  needed  informatioD. 

However,  if  we  wish  to  compote  the  amount  of  labor  which  wonId  be 
necessary  to  utilize  the  data  which  the  enterprise  will  famish,  limited 
as  it  is  by  tbu  resolutions  of  the  congress,  it  will  be  found  rerh»]ts  that 
there  was  wisdom  in  not  wishing  to  comprehend  too  much.  There  iit 
nothing  evidently  to  prevent  the  enlargement  of  the  scale  of  the  eater- 
prise  at  a  later  date,  in  ten  or  twenty  years;  np  to  that  time  it^ay  be 
said  that  in  limiting  it  the  chances  of  success  will  t>e  particularly  in- 
creased. 

The  congress  of  1887,  before  adjoamment,  constituted  a  permanent 
committee  charged  with  securing  the  execution  of  its  decisions,  of  cen- 
tralizing the  accounts,  and  of  maintaining  the  associated  observatories 
in  continued  correspondence.  This  committee,  in  its  turn,  has  formed  a 
bureau  of  nine  members,*  which  has  already  oommenced  the  publication 
of  a  Kpecial  bulletin,  designed  to  keep  astronomers  constantly  advised 
of  the  state  of  advancement  of  the  preparatory  labors,  the  neceBaity  of 
which  the  congress  had  recognized.  The  committee  will  meet  in  Paria 
the  15th  of  nest  September. 

The  number  of  observatories  which  have  promised  to  take  part  in  the 
making  of  a  chart  of  the  sky,  and  who  liave  alrea<ly  ordered  their  pho- 
tographic telescope,  is  at  present  sixteen.  These  are,  ontslde  of  the 
French  observatories  (Paris,  Bordeaux,  Toulouse,  Algiers),  those  of  the 
Gape  of  Good  Hope  (Africa),  Potsdam  (Uermany),  Oxford  and  Green- 
wich (England),  Melbourne  and  Sydney  (Australia),  HelBingforB(Ro8- 
sia),  San  Fernando  (Spain),  Santiago  (Chili),  Rio  de  Janeiro  (Brazil), 
Tacnbaya  (Mexico),  La  Plata  (Argentine  Kepublic).    The  Royal  Society 

'Presiileut,  Moache:i;  iiiemI>erB,Christle,  Doner,  jBiiMen,SlTOV«;  woTetariMiOilli  - 
Loewy,  Vogel. 
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of  LoD(loD  coutem])Iiitea  establishing  an  observatory  in  NewZealaocI; 
otbers,  as  those  of  Darvard  College,  Memlon,  Poalkora,  and  Leyden, 
will  contribute  actively  in  special  researcbea  for  tbe  advancement  of  tlie 
oomnion  work.  Tbese  relate  to  tbe  following:  Tbe  preparation  of  reti- 
cales  wbose  image  impressed  on  tbe  plate  can  furnish  tbe  standard  for 
micrometrical  measures,  and  permit  to  recognize  deformations  of  tbe 
BenaitiTe  film  ;  it  is  necessary  to  make  a  preliminary  study  of  the  scale 
of  photographic  magnitudea  of  stars ;  to  consider  the  means  of  iletermin- 
iug  the  optical  distortion  of  the  fl<?ld  of  the  telescope;  to  study  the 
method  of  measnring  and  reducing  the  plates,  etc.  It  is  of  much  im- 
portance to  thus  clear  up  tbe  ground  before  commencing  the  esecation 
of  the  chart,  in  order  not  to  be  retarded  afterwards  by  unforeseen  ob- 
stacles. We  can  now  attempt  to  gain  an  idea  of  the  expeuse  which  tbe 
projected  enterprise  will  involve.  Tbe  cost  of  the  construction  of  a 
pliotograpbic  refracting  telescope  is  estimated  at  from  50,000  to  60,000 
francit;  the  fifteen  or  sixteen  telescopes  which  will  be  needed  will  cost, 
then,  nearly  1,000.000  francs. 

In  adding  to  this  snm  tbe  price  of  tbe  plates,  and  for  each  observa- 
tory, tbe  appointment  of  at  least  two  operators  during  two  years,  we 
arrive  at  a  total  in  the  neighborhood  of  1,500,000  francs.  It  is  true  that 
the  instruments  remain  tbe  property  of  the  establishments  which  or- 
dered their  construction  and  that  the  work  could  be  confined  to  the  ex- 
isting personnel.  But  the  execution  of  the  photographs  is  not  the 
most  costly  part  of  tbe  enterprise.  David  Gill,  in  a  memoir  inserted 
Id  the  first  fascicule  of  the  Bulletin  ft/ the  International  Permanent  Com- 
■riHee,  has  elaborateil  a  detailed  plan  of  organization  of  the  office  work 
which  ought  toboaccomplishedin  view  of  the  publication  of  theresalts, 
and  which  will  consist,  before  all,  in  the  measure  aud  reduction  of  the 
plates  designed  for  the  formation  of  catalogue.  This  work,  of  a  nature 
M  special,  says  Mr.  Gill,  reqnires  so  perfect  an  experience  and  so  skill- 
ful an  organization,  in  order  to  be  conducted  to  a  successful  termination 
witbout  too  mach  cost,  that  it  will  be  moRt  necessarily  in  charge  of  a 
centnd  bureau.  Under  these  conditions  this  will  be  an  outlay  to  be 
proriiled  for. 

Mr.  Gdl  supposes  that  tbe  plates  of  the  cntalogne  will  be  made,  as 
those  of  tlie  chart,  in  duplicate,  and  that  cncb  plate  will  cover  four  de- 
grees square,  so- that  tbe  total  number  of  plates  will  amonnt  to  about 
twenty  thousand.  Tbe  labor  ot  measuring  and  rcdncing  must  be  dune 
nniler  the  direction  of  an  energetic  and  skillfnl  chief,  by  young  persons 
of  both  sexes  of  average  intelligence;  not  less  than  thirty  will  be 
needed,  and  the  entire  completion  of  the  work  will  demand  from  seven- 
teen to  twenty  five  years.  The  publication  of  tbe  catalogue  will  keep 
Dp  with  the  calculations.  For  the  chart  of  the  sky,  so  called,  it  will 
mfiBce  to  issne  to  tubicribers,  namely,  to  observatories,  societies,  or  na- 
tions wlio  have  relations  with  the  bureau,  positives  ou  glass,  obtained 
by  means  of  the  original  negatives.    These  copies  will   be, executed 
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by  a  pbotographer  assisted  by  two  aids.  After  detailed  estimHte  of 
the  outlay,  wliicli  will  result  from  this  organization,  Mr.  Gill  tUinks 
tbat  tlio  budget  of  tbe  central  bureau  ougbt  to  be  fixetl  at  a  mini- 
mum  of  200,000  francs  a  year,  but  probably  it  will  be  necessary  to  pat 
it  at  2oO,UOU  francs.  Tbe  total  outlay  will  thus  rise  to  a  little  more 
than  C,000,000  francs.  Tbis  is  tbe  Rum  wbicb  appears  oecessary  to  se- 
cure tbe  publicatiou  of  tbe  catalogue  of  all  the  stars  to  the  eleventh 
magnitude,  and  that  of  the  photographic  re-production  of  all  the  stars 
to  the  fourtceutb  magnitude,  beside  tbe  cost  of  the  telescopes,  tbe  sal- 
aries of  tiie  astronomers,  etc.,  expeuses  wbich  wo  have  already  esti- 
mated in  the  lump  at  l,uOO,000  francs.  It  would  be  reasonable  to  sub- 
tract from  tbis  the  returti  from  ibe  sale  of  copies  of  the  chart,  which 
will  yield,  alter  Mr.  Oill,  about  1,000,000  francs  in  twenty-live  years,  or 
enough  to  pay  for  the  telescopes. 

Is  tbis  amount  of  0,000,000  or  7,000,000  francs,  to  which  we  have  ttios 
definitely  arrived,  exorbitant  if  we  take  into  account  the  importance  of 
the  results  which  wo  are  couwrued  in  obtaining  !  It  appears,  on  the 
contrary,  a  triHUig  price  in  comparison  with  what  it  wonld  be  necessary 
to  expend  in  order  to  arrive  at  tbe  same  results  by  tbe  old  processes. 
In  the  present  slate  of  astronomy  the  formation  of  a  catalogue  com- 
prising all  the  stars  to  tbe  eleventh  magnitude  (which  is  tbe  practical 
limit  of  comparison  stars  in  cnrrent  observations,  with  the  ordinary 
observatory  instruments)  must  be  considered  as  an  absolute  necessity. 
Now  we  know  by  experience,  says  Mr.  Gill,  tbat  the  cost  of  a  single 
exact  meridian  observation  of  a  star  (comprising  the  cost  of  redaction 
and  publicatiou)  is  never  less  than  10  francs,  and  ofteu  surpasses  tbis 
iigare.  The  catalogue  which  it  is  proposed  to  form  with  tbe  aid  of  pbo- 
tograpby  will  comprise  nearly  two  millions  of  stars,  each  of  wbich  will 
have  bet>n  determined  two  times  in  turn.  To  obtain  tbe  same  number 
of  iudepcndent  positions  from  meridian  observations  (supposing  that 
sufficiently  |>ow«rfnl  meridian  instruments  are  found  to  furnish  them) 
it  would  be  necessary  evidently  to  spend  atmut  30,000,000  francs.  This 
is  eight  times  more  than  the  cost  of  tbe  photographic  catalogue  and 
the  general  cbart  of  tbe  sky.  In  regard  to  tbe  precision  of  the  photo- 
graphic positions,  it  will  be  superior  to  tbat  of  direct  observations.  It 
suffices  in  tbis  regard  to  mention  the  remarkable  results  which  Mr. 
Tliiele,  director  of  the  Cupenbagen  observatory,  bas  obtained  by  micro- 
metric  measures  esvcuted  ui)on  three  plates  of  a  star  cluster  which  bad 
been  communicated  to  him  by  Messrs.  Henry. 

It  is  necessary  to  say  here  a  few  words  on  tbe  appearance  wbich  the 
photographic  images  of  stars  present.  These  images,  upon  the  plates, 
have  the  form  of  small  black  disks,  of  a  diameter  nearly  proportioual 
to  the  stellar  magnitude,  such  as  is  figured  upon  celestial  charts;  their 
dimensions  increase  gradually  according  as  we  prolong  the  exi>osnre, 
which  it  may  l>o  said  in  passing  is  a  somewhat  serious  obstacle  in 
photometric  researches,  for  tbe  exi»erimeiits  of  Mr.  Scbeiner  have  sliowQ 


PHOTOGHAPHY   IN   THE   8EBV1CE   Of  ASTBONOMY.  477 

that  (be  nugmentntion  docs  not  follow  a  simple  law.  TTiuler  tbe  mi- 
croscope' these  roiiiitl  black  spots  are  resolved  iuto  a  multitude  of 
black  poiots,  very  crowded  at  the  center,  for  tbe  stars  of  the  flrat  ten 
magnitudes,  more  and  more  thinly  distributed  for  the  fainter  stars, 
down  to  the  doubtful  traces  which  mark  the  extreme  limit  of  cbomical 
sensitiveness.  At  preacut  this  limit  is  much  further  removed  than 
that  of  the  i>eiietratiou  of  the  eye  armed  with  a  telescope.  The  dotted 
character  of  the  images  proceeds  cvideutly  from  the  action  of  liglit 
upon  the  molecules  of  the  salt  of  silver  incorporated  in  the  sensitive 
film.  These  photographic  stars  resemble  thus  clusters  of  stars,  or 
Debulie  more  or  less  resolvable. 

This  aspect  is  so  characteristic  that  there  is  little  risk  of  confounding 
very  small  stars  with  accidental  spots,  as  was  feared  at  tirst,  and  it  fol- 
lows that  a  duplication  of  exposures  may  often  lie  dispensed  with. 
Messrs.  Henry,  to  avoid  all  coufusion,  have  conflued  themselves  to  re- 
peating three  times  tbe  exposures  on  the  same  plate,  by  displacing  tbe 
telescope  each  time  in  such  a  way  as  to  form  with  each  star  a  small 
cqnilateral  triangle  ofS  to  4  seconds  on  a  side.  This  triangular  appear- 
ance is  not  at  all  perceptible  except  with  a  lens;  the  pajwr  prints  give 
images  which  appear  perfectly  round.  A  subsidiary  advantage  of  this 
mode  of  operating  is  that  it  thus  becomes  possible  to  remove  farther  yet 
the  limit  of  visibility  of  the  stars ;  thus  mi)y  be  established  very  easily 
in  this  manner  tbe  presence  of  an  unknown  planet,  wlioae  proper  mo- 
tion would  deform  the  microscopic  triangle.  But  it  i^  clear  that  the 
triple  exposure  involves  a  great  loss  of  time.  The  congress  has  pre- 
ferred for  the  execution  of  the  chart  of  the  sky,  as  we  have  seen,  two 
parallel  and  independent  series  of  plates. 

Tbe  plates  will  not  acquaint  ua  with  the  absolute  positions  of  the  stars; 
they  will  only  permit  us  to  determine  their  relative  situations.  It  ia  also 
necessary,  in  order  to  obtain  these  with  the  desired  precision,  to  pro- 
vide a  system  of  standards.  These  standards  will  be  procured  by  the 
reproduction  of  the  reticules  Mr.  Vogel  prepares  for  this  object,  and 
wbicb  are  traced  with  a  steel  point  on  plates  of  silvered  glass ;  placed 
upon  the  sensitive  plate,  the  reticule  leaves  there  a  latent  image,  which 
deve)oi)ed  later  appears  under  the  form  of  a  system  of  very  definite  lines 
of  reference.  These  standard  reticules  are  not  only  of  great  assistance 
in  micrometrical  measures  of  stellar  positions,  but  they  will  serve  to 
control  the  deformation  of  tbe  gelatine  film.  We  know  that  for  collo- 
dion the  shrinkage  and  the  deformation  of  tbe  image  which  it  entails 
can  attain  an  amount  very  sensible;  it  is  no  greater  with  gelatine, 
which  adheres  very  strongly  to  tbe  glass.  This  is  less  according  to  the 
micrometric  comparisons  of  an  original  reticule  and  several  ptioto- 
grapbic  copies,  which  Mr.  9cbeiner  has  recently  undertaken  ;  but  we 
canitot  answer  for  the  invariability  of  the  plate  in  each  particular  case 


'  Id  the  abMUce  of  a  lens  a  simple  canl  pierced  with  a  bhibII  hole  ivhic^  is  beMbe* 
fOTv  the «;re may  be  aa^d  to  esatoiae  tbeae  iuiagea;  it  Ua  primiiiTSlepaciOOQlC 
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without  a  special  verification;  it  is  particularly  necessary  to  look  oat 
for  deformationa  when  the  copies  tiave  beeo  eicecDted  with  a  peiicil  of 
slightly  convergent  light. 

II. 

Tiie  truly  invaluable  advantage  of  this  iDterv^tioo  of  pboto-Ghem- 
istry  in  the  processes  of  practical  astruuoiny,  ia  that  in  traaa^ortin^ 
(so  to  apeak)  an  authentic  image  of  the  firmament  into  the  study  of  Uie 
astronomer,  it  frees  him  from  olistacles  without  unmber  which  have  so 
long  a  time  trammeled  researcheii  the  niofit  delfcate ;  the  cost  of  crea- 
tion and  mainteuance  of  an  observatory,  the  difficult  handling  of  great 
instruments,  fatiguing  nightly  vigils,  fogs,  and  clouds  which  so  often 
put  a  stop  to  observationk,  the  necessity  of  changing  one's  hemisphere  in 
order  to  study  certain  constellations,  etc  Armed  with  a  simple  microm- 
eter, b(3  can  henceforward  explore  collecttuus  of  photographic  platen, 
taken  with  some  years  of  interval,  and  make,  in  his  chimney  comer,  dis- 
coveries which  otherwise  wonlil  demand  long  struggles,  continued  dur- 
ing several  generations,  against  the  capricious  inclemency  of  the  sky. 

Indeed  celebrated  labors  come  to  our  mind  which  have  cost  in  former 
times  long  efforts  which  we  shall  have  no  more  to  renew.  These  are, 
llrtjUy,  the  gauges  of  the  number  of  stars  which  William  Herschvl 
undertook,  a  century  ago,  with  the  20-foot  telescope  after  a  plan  traced 
by  Wright.  We  know  that,  setting  out  with  the  hyitotbesis  of  a  nearly 
uniform  distribution  of  the  stars,  he  admitted  for  a  long  time  that  the 
relative  richness  of  a  region  indicated  the  depth  of  the  heavens  in  the 
direction  considered,  which  must  conduct  to  attributing  to  tbe  visible 
universe  a  stmctnre  tolerably  improbable.  Later  he  changed  his 
method,  and  occupied  himself  vith  sounding  the  celestial  spaces  witU 
telescopes  more  aud  more  powerful,  in  taking  henceforth  for  a  oriterioo 
of  distances  the  resolvability  of  clusters  or  groups  of  stars.  The  tvo 
methods  are  incorrect,  in  confounding,  with  the  effects  of  perspective, 
the  ineqnalities  of  constitution  of  different  stellar  regions,  indicatioas 
of  which  indeed  make  us  suspect  the  reality.  But  however  in  resen- 
ing  the  conclusions  which  may  be  drawn  from  tbe  gauges  or  soundings 
of  the  sidereal  system,  it  will  be  necessary  sooner  or  later  to  return  (o 
this  grand  statistical  work,  and  the  photographic  chart  will  singularlf 
tend  to  facilitate  the  task  of  astronomers  who  will  be  charged  with  it. 

Shall  we  speak  of  catalogues  of  stars  t  The  most  ancient,  those  of 
Bipparchns,  Ulugh  Beigh,  Tycho-firah^,  containing  a  thousand  stars; 
they  were  made  without  a  telescope.  The  catalogue,  so  precious,  which 
Bessel  has  derived  from  the  observations  of  Bratlley  (made  at  Green- 
wich about  the  middle  of  the  last  century),  aud  which  has,  so  to  speak, 
inaugurated  the  astronomy  of  precision,  contained  only  a  little  uion 
than  3,000.  That  which  is  founded  upon  the  observations  of  Lalaude, 
executed  towards  the  close  of  tbe  century  at  tbe  observatory  of  the  mil- 
itary school,  and  published,  in  1801,  in  the  French  Histoire  Celest«  (Uw 
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OBtal<%ae  was  not  published  til)  1S^7),  comprises  more  tbau  47,000  stars. 
The  Puris  observatory  baa  devoted  itself,  for  a  long  time,  to  determiu- 
iDg  tbem  anew  with  the  greatest  care,  for  the  purpose  of  formiug  a 
new  catalogue,  which  is  beiug  gradually  accomplished  uuder  the  skill- 
fal  direction  of  Mr.  Oaillot.  The  first  two  volumes,  comprisiug  7,245 
stars,  appeared  in  18S?,  and  this  brings  to  view  the  astonishing  preeision 
to  which  Lalande  and  bis  co-workers  attained  wltb  instruments  on  the 
whole  very  defective. 

The  catalogue  which  Weissebas  deduced  from  the  "zones"  of  Beasel 
i»ntains  about  63,000  stars.  Tlint  of  Argel-inder,  fonnde<l  on  the 
"northern  zones"  observetl  at  Bonn,  cotitain  324,000,  to  which  Mr, 
Schoeufeld,  the  succeasor  of  Argelander,  baa  recently  added  more  than 
133,000  stars,  derived  from  bis  "  southern  zones."  The  Bonn  zones  fur- 
nish positions,  rapidly  determined,  of  stars  of  the  northern  sky  and  of 
a  part  of  the  soatbem  sky,  to  the  ninth  or  tenth  magnitude.  We  have 
already  said  that  Mr.  Gill  baa  undertaken,  at  the  Gape  of  Good  Bope, 
to  complete  this  inventory  for  the  remainder  of  the  southern  sky,  by 
tiie  means  of  photography ;  we  have  besides  also  now,  for  this  purt  of 
the  sky,  the  zones  which  Mr.  Gould  observed  at  Cordoba  (Argentine 
Bepnblic).  To  this  mast  be  added  thatinl867,  the  International  Astro- 
nomical Society  has  taken  the  initiative  iu  a  general  revision  of  the  Bonn 
lones  which  was  distribnted  among  fifteen  observatories,  and  which 
will  furuish  the  material  for  a  new  catalogue.  The  matters  concerned 
bere  arecarefnl  summaries  which  do  notadmit  of  avery  great  precision 
in  the  observed  places;  for  the  stars  more  brilliant,  which  do  not  sur. 
pass  the  eighth  magnitude  and  which  are  less  numerous,  we  possess  a 
aeries  of  catalogues  prepared  with  more  rigor  and  founded  upon  the 
mean  of  frequently  repeated  observations.  It  is  from  these  astronomers 
derive  the  fundamental  stars,  stars  of  reference  to  which  others  are 
referred  in  order  to  correct  their  absolute  positions.  These  vast  works, 
which  have  cost  so  ranch  effort  and  employed  so  many  human  lives,  is 
it  necessary  to  believe  that  they  will  lose  their  value  nhen  the  great 
pbotograpbic  chart  shall  be  completed  t  We  do  not  think  thus.  Not 
only  the  catalogues  of  high  precision,  founded  ujwu  meridian  observa- 
tions, will  remain  indispensable  for  the  exact  determination  of  absolute 
positions;  but  the  zone  catalogues  will  serve  to  control  the  relative 
portions  of  the  stars  determined  by  photography. 

The  comparison  of  plates  taken  at  two  different  epochs  will  [lermit 
the  undertaking  upon  a  vast  scale  of  the  research  of  proper  motions, 
which  at  present  can  be  entered  upon  only  for  some  thousands  of  stars. 
These  small  progressive  displacements  which,  iu  the  mean,  do  not 
exceed  one-tenth  of  a  second  iu  the  space  of  a  year  (in  some  cases  it 
attains  to  seven  or  eight  seconds  a  year)  proceed  only  in  part  from  real 
movements  of  the  stars,  which  are  thus  seen  to  change  in  position. 
These  are,  in  a  certain  degree,  apparent  displacements  which  have  for 
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a  cause  tlte  movement  of  translattou  of  tbe  solar  system,  and  which  per- 
mit the  (letermination  of  its  velocity  and  direction.* 

Sometimes  the  iirogresaion,  iiistendof  being  iiiiiform  and  coDtianouB, 
is  fouod  to  be  affected  witli  periodic  inequalities  which  reveal  tbe  ex- 
istence of  an  annual  parallax,  that  is  to  say,  a  sensible  efifect  produced 
by  the  chan^  of  position  of  tbe  observer  when  llie  earth  passes  from 
oue  extremity  to  the  other  of  its  orbit;  the  oscillation  in  the  apparent 
place  of  a  star,  whicli  results  from  it  permits  the  calculation  of  the  dis- 
tance which  separates  it  from  our  system.  Ur  indeed  the  inequality 
presents  a  longer  period,  iind  the  successive  |H>&it)ons  of  the  star  per- 
mit the  discovery  of  an  orbit  which  it  describes  aruund  a  neighboring 
cent«rof  attraction.  We  deal  here  with  a  physical  couple;  optical 
conples,  where  the  nearness  of  position  is  only  the  effeetof  perspective, 
present  independent  proper  motions. 

Kesearohes  of  this  sort  will  withoat  doubt  be  facilitated  by  the 
application  of  photograph}',  for  the  determination  of  the  relative  posi- 
tions upon  the  negative  will  be  infinitely  more  convenient  than  id  the 
field  of  the  telescope,  esi>ecially  when  a  comparison  is  desirable  between 
stars  of  very  different  brilliancy.  In  certain  eases,  indeed,  photography 
offers  the  only  means  of  obtaining  precise  measures ;  how  would  we  at- 
tempt directly  the  measurement  of  the  distances  and  position  angles  in 
a  mass  of  stars  such  as  tbe  cluster  in  Hercules  T  Upon  tbe  negative 
this  cluster  forms  a  small  diffuse  spot  2  to  3  millimeters  in  size ;  oo  ex- 
amining it  with  a  lens  we  distingush  several  hundred  stars  dispersed 
around  a  nucleus  of  a  pulvernlentappearance,  which  we  may  proceed  to 
withoat  doubt  resolve  in  its  turn  into  a  multitude  of  luminous  points. 
We  have  never  attempted  to  design  these  groupings,  still  less  to  make 
direct  micrometric  measures,  tbe  eye  being  dazzled,  says  Mr.  Moachet, 
by  what  appears  in  tbe  eye-piece  as  a  mass  of  iDnumerableandbrilhant 
graiusof  dust;  but  the  negative  placed  under  the  microscope  will  per- 
mit us  to  draw  without  difficulty  tbe  exact  chart  of  this  wonderful  comer 
in  the  sky.  In  transmitting  itto  posterity  we  will  give  to  our  descendants 
the  means  of  verifying  the  evolutions,  which  without  doubt  are  slowly 
accomplished  iu  tbe  bosom  of  this  agglomeration  of  suns. 

The  research  of  theaniiual  parallax,  which  permits  us  to  measure  tbe 
distance  of  the  stars  by  taking  for  a  base  of  operations  the  diameter 
of  the  terrestrial  orbit  constitutes  one  of  the  most  delicate  problems  of 
moilem  astronomy,  for  tbe  disiilaeeaients,  which  it  concerns  us  to  verify, 
never  surpass  a  few  tenths  of  a  second,  and  are  oftener  masked  errois 
of  observation,  whence  tlie  irritating  discordance  of  successive  de- 
terminations of  the  same  parallax  effected  by  astronomers  equally  skillful 
with  the  most  |>erfect  instruments.  Will  photography  be  more  fortu- 
nate f  Mr.  Pritcbard  at  Oxford  has  attempted  to  utilize  61  Oygni  in  the 
first  place  for  the  verification  of  the  parallax  of  a  double  star  very  often 

*8e«  ID  QtaBeruedra  Deax  Mondea  o(  Octobei  I,  1875,  "ThePrognmof  SmIIhAi- 
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observed.  Acconlioe  to  Bessel  and  Peters,  ttiis  parallax  scarcely  sur- 
passes a  third  of  a  second ;  according  to  Otto  Struve  and  Anwers,  it 
attains  a  balf  second  (0".  52).  Mr.  PritclianI  has  photographed  the 
doable  star  in  question,  during  the  year  with  four  comparison  stars 
disposed  symmetrically, — two  in  the  direction  cf  the  components  and 
two  in  the  perpendicular  direction.  The  micrometric  measures  have 
givea  him  for  each  of  the  two  components  a  parallax  of  0".43,  which 
iodicates  a  distauce  eqnal  to  about  50l),000  times  that  of  the  sun,  a 
distance  over  which  light  leaps  in  seven  and  one  half  years.  It  has  been 
necessary,  however,  to  reject  some  negatives  on  account  of  accidental 
deformations  of  the  sensitive  film  occurring  during  development.  In 
order  to  free  ones' self  from  this  source  of  error,  it  is  only  necessary  to 
employ  plates  impressed  with  a  reticule  of  reference,  in  accordance  with 
the  advice  of  Mr.  JLohse.  Since  last  year  Mr.  Pritchard  has  simplified 
his  process  of  research  in  confining  himself  to  observing  each  star  dur- 
ing five  nights  in  each  of  the  four  periods  of  the  year  indicated  by  the 
parallactic  ellipse,  which  the  star  seems  to  describe  in  the  sky ;  in  this 
way  he  hopes  to  be  able  to  determine  the  parallaxes  of  ten  to  fiTteen 
stais  a  year.  He  has  commenced  the  work  on  several  stars  of  the  con- 
stellations Cassiopea  and  Cygnns,  whose  parallaxes  appear  to  be  com- 
prised between  0".04  and  0".19.  For  Polaris  Mr.  Pritchanl  has  found 
0".O7 ;  that  is  to  say,  that  Polaris  is  three  millions  times  more  distant 
bom  US  than  the  sun. 

It  is  admitted  generally  that  the  most  brilliant  stars  are  also  the 
Dearest  to  us ;  however,  among  the  parallaxes  which  are  known  to  be 
sensible  nj)  to  the  present  time  many  belong  to  stars  relatively  faint, 
and  nothing  prevents  supposing  that  in  the  number  of  stars  which  have 
not  been  examined  and  which  will  soon  be  catalogued  by  photography 
there  will  be  found  those  which  are  even  much  nearer  to  our  solar  sys- 
tem. However,  they  could  not  delay  being  disclosed,  since  the  simple 
microscopic  inspection  of  the  same  group  photographed  at  six  months' 
interval  would  suffice  to  reveal  sensible  parallactic  displacements  how- 
ever small. 

The  direct  micrometric  measures  of  groups  of  stars  reveal  to  ns  only 
•Mnplacements  in  the  direction  perpendicular  to  the  visual  ray;  the  spec- 
tT0SCO|>e  alone  can  njak e  us  acquainted  with  movements  which  take  place 
in  a  direction  the  same  as  the  visual  ray.  For  the  color  of  light  which 
comes  to  us  from  a  star,  is  slightly  modified  by  the  velocity  with  which 
the  star  approaches  or  removes  itself  from  us,  and  it  follows  that  rays 
of  tlie  spectrum  are  deviated  a  little  towards  the  right  or  towards  the 
left,  (it  is  for  the  same  re:ison  that  the  locomotive- whistle  seems  to  us 
sharper  in  pitch  when  the  train  is  approaching  than  when  it  is  receding.) 
It  is  possible  by  this  means  to  estimate  the  velocity  of  translation  of  a 
certain  number  of  bright  stars  whose  spectra  are  not  too  difficult  to 
observe.  However,  (he  eye  is  fatigued  in  cuuipariug  with  the  motioii- 
jttamysof  an  artificial  spectrum  the  always  trembling  lin^s  v^  tb^  stelliU* 
S.  Mis.  2^4 31 
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spectra,  and  the  deviations  thas  established  rest  most  freqaently  npon 
impressions  fadiug  and  very  uncertaia.  Mr.  Vogel  has  snoceeded  ia 
freeing  himself  from  tliis  difficulty,  caused  by  tbe  svintillations,  by 
photograpbing  ihe  stellar  spectra  at  the  Bamc  time  vitb  tbe  spectram 
of  a  gas;  the  plates  which  he  has  published  show  with  aBorprising 
sharpness  tbe  deviation  of  a  ray  common  to  several  stellar  spectra,  and 
which  corresiKinds  to  the  violet  ray  of  hydrogen.  It  is  established  thus 
for  example  that  a  certain  star  of  the  coostellation  of  Orion  reoedes 
from  tbe  observer  with  tbe  velocity  of  86  kilometers  per  second,  a  ve- 
locity which  is  reduced  to  61  kilometers  if  it  is  referred  to  tbu  san. 

At  tireenwicb,  where  the  spectroscopic  study  of  tbe  velocity  of  trans- 
lation of  stars  has  been  pn^sued  for  ilfteeu  years  by  the  process  of  prim- 
itive observation,  contradictory  results  appear,  which  proceed  without 
doubt  from  the  small  amount  of  fixity  of  tbe  images  of  stellar  spectra.* 
There  is  reason  to  hope  that  the  photographic  method,  in  causing  this 
source  of  error  to  disappear,  will  permit  tbe  making  use  of  data  of  this 
character  on  the  same  ground  as  the  proper  motions,  perpendicalar  to 
the  visual  ray,  which  modify  tbe  apparent  positions  of  the  stars.  The 
attempt  has  already  been  made  to  deduce  from  them  the  direction  and 
the  velocity  of  tbe  movemeut  of  translation  of  the  solar  system,  and  tbe 
results  agree  very  well  with  those  which  have  been  obtained  by  other 
methods  t.  Finally,  these  are  the  only  data  for  the  prteeot  which  we 
can  make  use  of  in  arriving  at  a  more  complete  knowledge  of  the  orbite 
of  double  stars,  for  the  usual  observations  reveal  to  us  only  the  appar- 
ent orbits  in  the  way  they  are  projected  on  the  celestial  sphere.  These 
projections  are  ellipses,  and  it  is  more  than  probable  that  the  real  orbits 
which  we  see  foreshortened  are  equally  ellipses ;  but  it  is  not  rigoroosly 
demoustrated  that  the  priucipal  star  occupies  one  of  the  foci. 

It  follows  that  it  can  not  yet  be  affirmed  in  an  absolute  manner  that 
the  law  of  Newton,  the  law  of  universal  gravitation,  presides  also  over 
tbe  motions  of  double  stars,  although  the  generality  of  this  Uw  is  ex- 
tremely probable.} 

The  photographic  study  of  stellar  spectra  is  also  of  a  high  interest 
from  other  points  of  view,  and  above  all  for  the  comprehension  of  tbe 
constitution  of  the  universe.  This  is  entered  upon  with  ardor  in 
A  merica.  At  the  Cambridge  Observatory,  where  is  arranged  a  generons 
fonndatioii  which  the  widow  of  Henry  Draper  ma3e  some  years  since 
in  memory  of  her  husband,  two  refractors  and  two  reSect'Ors  are  devoted 

*  Tbe  chaDgeH  in  the  dirocUon  of  tbe  vulucit;  of  Siiius,  if  they  aie  real,  can  Im  m- 
plained  by  an  orbiral  luoveinent. 

I  In  taking  tlio  loeaD  of  niimerods  dalurmiDaUoDS,  taken  ainoe  W.  Hersobel,  tb* 
point  towaitlB  which  the  ann  is  luuving  is  found  to  bo  2b7°  in  right  osoeiuioD,  and 
31  ■>  of  north  decUuutioti.  In  reaped  to  the  velocity  uf  this  motion  it  has  been  eati- 
mated  at  ^>  to  30  kilouietera  per  aecoud ;  this  ia  n  little  lesa  than  the  velocity  of  ttu 
earth  in  its  orbit. 

ITUaerand,  "  Treatise  on  celestial  inechaDics,"  1. 1,  p.  43. 
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to  this  class  of  researclies.  Mr.  Pickering,*  whose  energy  knows  uo 
obetaoles,  has  ondertaken  a  veritable  spectroscopic  revision  of  the  sky, 
Li  the  first  place  a  catalogae  of  the  spectra  of  the  stars  visible  to  the 
naked  eye  has  Iteen  commenced.  A  second  catalogue  will  contain 
nnmeroas  spectra  of  foint  stars,  to  the  eighth  magnitude.  It  is  proposed 
besides  to  make  a  detailed  study  of  the  spectra  of  the  brightest  stars, 
of  variable  stars,  and  in  general  of  all  spectra  which  offer  remark- 
able peculiarities.  A  first  list  of  10,875  spectra  is  finished.  This 
nDtumn  an  expedition  will  be  seuttotbe  southern  hemisphere,  probably 
Peru,  to  complete  the  work  to  the  south  pole. 

Mr.  Pickering  hopes  also  to  draw  to  a  successful  terminatioQ  a  series 
of  photometric  researches  which  have  for  au  aim  the  comparison  of 
stellar  magnitudes,  furnished  on  the  one  side  by  photography  and  on 
the  other  by  direct  observation  by  the  means  of  various  photometers  iu 
nae.  These  researches  reach  a  thousand  stars  near  the  pole,  an  equal 
number  taken  iu  the  neighborhood  of  the  equator,  aud  the  stars  visible 
in  the  coustellatioD  of  the  Pleiades,  the  one  of  the  best  known  in  the 
northern  aky,  and  which  offers  the  advantage  of  containing  scarcely  any 
bat  white  stars.  It  is  also  this  constellation  that  Mr.  J,  Scheiner  has 
selected  for  photometric  experiments,  the  results  of  which  he  is  about 
to  pnblisb. 

These  classes  of  researches  will  give  the  means  of  reducing  the  dif- 
ferent  scales  to  a  common  measure.  We  know  already  that  the  photo- 
graphic scale  is  established  by  the  diameters  of  the  stellar  disks.  For 
a  given  time  of  exposure  the  differences  of  the  diameters  will,  in  gen- 
eral, be  proportional  to  the  differences  of  magnitude,  such  as  result 
from  direct  photometric  comparisons.  With  a  little  acquaintance  the 
estimation  of  the  magnitudes  could  be  without  doubt  reached  during 
the  micrometric  measures  of  the  negatives,  as  astronomers  estimate 
them  during  the  observation  of  transits.  For  a  more  precise  determi- 
naUou  alt  the  stars  on  a  negative  could  be  referred  to  three  or  four 
among  theui,  of  which  the  magnitudes  could  be  measured  by  pho- 
tometry. 

The  processes  in  use  permit  in  general  the  fixing  of  the  magnitude  f 
afaHtar  to  about  one- tenth,  at  least,  for  the  first  nine  or  ten  magnitudes; 
this  is  shown  by  the  agreement  of  the  published  determinations  by  dif- 
ferent observers.  This  is  not  so  whi-n  exceptionally  bright  stars  which 
range  above  the  first  magnitude  are  concerned,  or  very  faint  stars  below 
the  tenth,  and  the  designations  of  the  fifteenth,  8ixt«enth,  seventeenth 
magnitudes  do  not  have  a  precise  meaning,  only  by  virtue  of  definition, 
by  such  and  such  an  observer.  We  can,  as  is  doue  at  Paris,  define  them 
by  the  length  of  exposure  necessary  to  make  the  images  appear,  for  this 
tune  varies  in  the  proportion  of  1  to  10,000  from  the  sixth  magnitude 

*  E.  C.  Pickering,  annual  roporta  of  tlie  photogrnpliic  Htiidj-  of  stellar  spectra. 
tFn>m  ODO  tuagoitude  to  another  the  relative  brightnesB  dimiuishes  (iu  the  mean) 
tBthepraportianof  1 :0.4a.  GoO<jlc 
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to  the  extreme  limit  of  viBlbility,  and  furniBbes  a  scale  the  most  ex- 
tended. Bnt  it  is  necessary  to  take  accoant  of  the  variable  sensitire- 
ness  of  tbe  plates;  finally  it  is  clear  that  the  process  founded  npon  the 
estimation  of  the  time  of  exposure  is  not  favored  in  present  applicatioug 
as  macb  as  tbe  method  which  conaista  in  the  comparison  of  the  disks 
taken  on  the  same  negative.  It  is  then  the  latter  method  which  is 
soaght  to  be  perfected,  for  it  does  not  saSer  from  difficulties  when  stare 
gradually  fainter  are  dealt  with.  Tbe  images,  then,  iu  forming  bAve 
dimensions  already  very  appreciable,  which  increase  only  very  little  in 
the  first  moments;  the  comparison  of  diameters  can  conduct  to  erroDe- 
ous  results  if  it  is  taken  too  aeon.  The  progressive  increase  of  the  disks 
has  for  a  cause  the  irradiation  which  results  f^m  the  interior  iUamiua- 
tion  of  the  translucent  gelatine  at  the  point  where  the  image  is  formed. 

III. 

Tbe  measurers  of  double  stars  are  subject  to  a  multitude  of  errors 
which  regard  the  difference  of  magnitude  of  the  components,  tbe  incli- 
natiou  of  tbe  liue  of  tbe  stars,  etc.,  aud  which  render  the  results  o^- 
tained  by  different  observers  comparable  with  difficulty.  We  meet 
difficulties  of  the  same  nature  in  micrometric  measures  of  sat^^llites,  and 
it  is  in  all  these  cases  that  the  intervention  of  photography  promises  to 
increase  greatly  the  accuracy  and  security  of  the  results.  The  negatives 
obtained  by  Messrs.  Henry  permit  the  pointings  to  be  made  with  extia- 
ordiuary  precision.  Tbe  sensitive  plate  is  not  like  tbe  eye,  dazzled  by 
the  vicinage  of  a  bright  star;  it  remains  attentive  to  the  Cniutest 
gleams.  Tbe  satellite  of  Neptune,  always  visible  with  difficulty  at 
Paris,  can  be  photographed  in  all  parts  of  its  orbit,  even  wbeu  it  is 
found  at  only  8  seconds  from  the  planet. 

Satellites  of  new  planets,  hitherto  nnknown,  will  reveal  their  exist- 
ence by  the  trace  of  their  course  iu  the  midst  of  fixed  stars.  The  ap- 
parent displacement  of  a  small  planet  about  the  epoch  of  opposition, 
that  is  to  say  at  the  moment  wheu  it  approaches  nearest  to  tbe  earth, 
is  in  the  mean  one  minnte  of  arc  in  two  hours,  or  0'.5  per  honr ;  upon 
the  negatives  of  the  Paris  observatory  a  trace  is  produced,  iu  one  hour 
of  exposure,  of  one-half  of  a  millimeter.  For  the  planet  Pallas,  wbicb 
is  the  eighth  magnitude,  this  trjice  is  found  easily  recoguieable;  hat 
Messrs.  Henry  think  that  it  would  still  be  appreciable  for  a  planet  of 
the  fourteenth  or  fifteenth  magnitude,  with  a  relative  brightness  four 
or  five  hundred  times  fainter. 

Tbe  number  of  asteroids  known  has  increased  by  several  each  year; 
it  reaches  already  283,  Thanks  for  the  intervention  of  photograpb;, 
the  search,  hitherto  very  laborious,  for  these  little  bodies  will  becoioe 
so  easy  that  we  shall  see  them  niulri|ily  fiiu  rapidly  for  the  likin<:ortli6 
cnlcul:ili)r.s,  and  then'  will  iml  Ik- lime  enough  to  select  their  names. 
Xu  spite  of  ihv  iuaiijuiiicauct:  of  their  masses  these  Uuqibltt  sapernuuief 
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aries  of  tlie  solar  cortege  interest  astronomers  in  more  than  one  eoiinec- 
liiiii;  irttteed  tliey  are  watched  after  almost  for  tlir  |)nr|iiisi>.  ol  iitdiilntg 
kwin^  tliein  ufter  having  discovered  and  inscribed  thein  npon  the  reg- 
ister of  tlie  planetary  system.  This  happens  however  from  time  to 
time,  vtaen  the  first  obBervations  have  not  been  sufficiently  numerous 
Id  fis  very  severely  the  elements  of  the  orbit;  there  are  at  present  a 
score  of  these  bodies  which  are  wanting  at  roll-call. 

Tbe  great  diversity  in  the  form  and  sitaatioo  of  their  orbits  opens 
toyoang  astronomers  a  fleld  for  mathematical  exercise,  and  raises  at 
times  arduons  problems.  In  order  to  arrive  at  a  determination  of  their 
feeble  masses,  which  we  have  been  able  to  estimate  only  fh>m  their 
brightness,  it  is  necessary  to  be  able  to  establish,  for  example,  the  mu- 
toal  pertnrbations  of  two  asteroids  passing  very  near  one  another,  so 
that  their  reciprocal  attraction  becomes  sensible  aside  from  that  of  the 
BDD.  It  is  a  matter  of  interes  t  then  to  predict  the  coming  near  to  each 
other  or  physical  copjnoctions  of  the  asteroids;  but  the  proximities 
worthy  of  being  noted  are  rather  rare,  or  at  least  they  occur  only  be- 
tween the  orbits  and  not  between  the  planetfl.*  Perhaps  some  day  the 
passing  of  a  comet  throagb  the  belt  of  asteroids  will  offer  us  other  means 
or  estimating  the  power  of  the  attraction  of  these  p'gmies.  In  return, 
the  iierturbations  which  they  experience  themselves  on  the  part  of  Ju- 
piter are  sometimes  very  sensible,  and  they  have  already  served  (nota- 
bly those  of  Themis  and  Amphitrite)  iu  verifying  the  value  of  the  mass 
of  this  planet,  which  represents  a  little  less  than  a  thousandth  of  the 
mass  of  tbe  Sun.  The  one  of  the  three  planets  discovered  iu  tbe  month 
oflast  October,  by  Mr.  Palisa  (it  has  received  the  number  279,  and  the 
name  Tbul^),  is  particularly  interesting  in  this  regard,  for  it%  mean  dis> 
tuiice  (4.3)  surpasses  that  of  all  the  known  asteroids,  and  permits  it  to 
approach  near  euongh  to  Jupiter  to  tie  very  strongly  disturbed  in  ita 
coarse.  These  are  some  of  tbe  reasons  which  make  us  think,  that  pho- 
tography, in  facilitating  much  the  search  for  small  planets,  will  not 
serve  solely  for  swelling  the  statistics  of  the  solar  system. 

A  discovery  infinitely  more  interesting  would  be,  however,  that  of  the 
trans-Neptuniau  planet,  which  has  not  ceased  to  hannt  the  imagination 
of  astronomers.  For  nothing  proves  that  INeptnne  must  be  the  last 
term  of  the  seriesof  planets  which  gravitate  around  the  sun.  We  know 
that  Le  Verrier,  iu  1846,  had  reacbedadetermination  of  the  position  of 
this  star  by  the  aid  of  the  errors  or  residuals  of  the  Tables  of  Uianus, 
which  amounted  to  20",  and  which  be  attributed  with  reason  to  the 
pertnrbations  protlijced  by  an  unknown  jilanet.  The  day  when  he 
was  able  to  aunoance  to  tbe  Academy  of  Sciences  that  Mr.  Galle  had 
come  upon  this  planet  in  tbe  indicated  place,  be  added  :  "  This  success 

*  The  short«at  itistance  betwoeo  the  orbits  of  Thetia  anil  Belloaa  in  estimated  nt 
^,0W  kilometers:  for  Clytia  ami  Nemesis,  this  iliBtaoce  is  1 15,000  kilumelera,  koA  tlie 
t«0|>lADelaare  fouDd  at  050,000  kitnmvtersapnrt  in  tliemoDth  of  Augnst,  la8i>;  this 
U  twice  and  a  baU  the  diglance  of  the  moon  from  the  earth. 
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ought  to  permit  ns  to  bope  that  after  thirty  or  forty  years  of  obBcrva- 
tioDB  of  the  new  planet,  it  may  be  possible  to  employ  them  iD  tlieir 
turn  in  the  discovery  of  that  which  follows  it  in  order  of  distance  from 
the  san."* 

He  continues  thus :  "  We  will  unhappily  soon  fall  in>on  stars  invin- 
ble,  on  account  of  their  immeuae  distance  from  theRUD,  bat  whose  orbits 
will  be  completed  iu  the  conrse  of  centuries,  by  being  traced  with  great 
esactuess,  by  means  of  the  theory  of  secular  inequalities.'^  More  tlian 
forty  years  have  elapsed  since  the  discovery  of  Keptune  without  real- 
izing the  hope  of  Le  Yerrier.  The  fact  is  that  his  formnlie  represent 
al  trays  with  precision  not  only  the  observations  of  Neptnne  made  siDce 
1846,  but  also  some  observations  mach  more  ancient  {Lalande  bad  come 
upon  the  planet  twice,  in  1795,  and  had  entered  it  in  his  catalogue  as  a 
star  of  the  eighth  magnitude).  We  do  not  know  then  on  what  to  rest, 
to  renew  the  prodigious  discovery  of  Le  Verrier,  which  already  itself 
bad  been  possible  only  on  acoonut  of  a  happy  concourse  of  circumstances. 
It  is  this  which  we  can  not  prevent  ourselves  from  remembering  in  read- 
ing the  masterly  exposition  which  Mr.  Tisserand  has  made  in  the  his- 
tory of  the  discovery  of  Keptune  in  the  first  tome  of  his  "  Treatise  on 
Celestial  Mechanics"  which  appeared  a  few  months  since. 

The  trans-N^eptunian  planet,  if  it  exists,  will  be  found  perhaps  at  a 
distance  very  great,  snrpaesiiig  more  than  one  hundred  times  the  radios 
of  the  terrestrial  orbit,  or  else  its  mass  is  relatively  small,  and  the  action 
which  it  exercises  Vill  not  make  accusation  against  it  till  afteraloDg 
period.  Let  us  not  forget  that  Neptune  has  scarcely  traversed  one  quar- 
ter of  his  orbit  since  the  epoch  of  discovery.  It  may  be  iiossible  even 
that  the  action  of  a  mass  relatively  large  may  remain  for  a  long  time 
hidden  from  us,  in  beiug  confounded  with  that  of  the  other  planets. 

There  are  then  few  chances  for  discovering  the  hypothetical  star  by 
virtue  alone  of  the  law  of  Kewton.  It  is  necessary  rather  to  count  on 
the  happy  chance  of  recognizing  it  among  stars  of  the  twelfth  or  thir- 
teenth magnitude,  among  which  it  may  be  lost.  All  these  things  did 
not  prevent  Mr.  David  P.  Todd  from  constituting  himself  the  propbet 
of  the  trans-Neptunian  planet,  for  which  he  entered  upon  a  search 
since  1874  by  the  systematic  exploration  of  certain  regions  of  the  aky.f 
During  the  winter  of  1877~'78  he  employed  in  this  exploration  the  great 
refractor  of  the  Washington  observatory.  He  closed  in  placing  his  hope 
iu  photography,  which  appears  called  to  render  this  class  of  researches 
much  more  easy.  Mr.  Todd  founds  his  conviction  of  the  existence  of 
the  planet  upon  the  examination  of  the  last  residujils  of  the  Tables  of 
Uranus,  to  which  he  has  applied  a  very  simple  graphical  jirocess  iodi- 

'  GaUc  bavJDK  prupoMtd  for  the  new  planet  the  Dame  of  JaaDS.  Le  Veiriar  reptlal 
to  biiii;  "  Tlie  name  of  J^Qns  iroutd  indicate  that  tbii  planet  is  the  last  of  the  niar 
system,  nbicli  tbere  is  tio  reason  to  believe." 

)  "Account  of  a  speculative  anil  practical  search  for  a  trans-NeptuDian  pUnsI," 
1880.    {I'roeeedings  of  the  American  Academy  of  Seienee*.  1880-'86.) 
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rated  by  Sir  Jolin  HerauUel  in  reference  to  tlie  perturbations  of  Uranus 
due  to  Neptune.  Tliat  whicb  has  fortified  liim  in  tliis  con\-ictioD  is 
tbe  Tery  probable  accidental  agreement  of  his  result  witli  that  to  which 
Mr.  G.  Forbes  has  been  conducted  by  tbe  consideration  of  a  tendency 
to  grouping  of  the  aphelia  of  periodic  comets,  whose  distances  from  tbe 
BUD  coincide  more  or  lesa  exactly  with  the  mean  distaucett  of  tbe  larger 
planets.  Having  found  indeed  seven  comets  whose  aphelion  distances 
approach  100,  and  six  whose  aphelion  distances  approach  300  (the  unit 
being  always  the  radius  of  the  terrestrial  orbit),  Mr.  Forbes  concluded 
from  this  that  it  ia  possible  that  there  are  two  trau8-Neptuuian  planets 
situated  respectively  at  the  distances  100  and  300,  and  whose  powerful 
attraction  has  acquired  these  comet«  for  the  solar  system.  The  comets 
thus  captured  voald  be  able  then  to  inform  us  of  the  actual  posidoti  of 
tbe  planet  to  whivh  we  owe  them,  and  which  has  in  times  past  found 
itself  in  proximity  to  their  aphelia.  Bat  having  taken  little  from  tbe 
value  of  these  premises,  the  onmerical  data  upon  which  the  calculations 
of  Ur,  Forbes  rest  do  not  bear  scrutiny.  The  agreement  of  tbe  resalts  of 
Hr.  Forbes  and  Mr.  Todd  signifies  nothing  wben  it  is  seen  how  these 
resalts  have  been  established.  In  spite  of  everything  the  trans-Kep- 
tnoian  planet  may  indeed  appear  some  day  before  our  astonished  gaze 
npon  one  of  the  Degatives  which  will  serve  to  prepare  the  general  chart 
of  the  sky. 

Physical  astroaomy  also  sees  new  horizons  to  open  out  before  it. 
vill  not  speak  here  at  length  of  the  photographs  of  the  snn  and  moon. 
For  a  long  time  we  have  been  able  to  see  those  which  have  great 
beauty.  We  know  with  what  success  Mr.  Janssen,  at  Meudon,  pursues 
tbe  application  of  photography  to  the  study  of  solar  phenomena. 
Beatches  of  the  same  kind  are  madeat  Potsdam,  and  Mr.  Wilsing,  depend- 
ing on  a  hundred  plates  for  tbe  positionsof  groups  of  raculie.hasarrived 
at  this  unexpected  conclusion,  that  (contrary  to  that  which  takes  place 
with  the  spots)  the  velocity  of  rotation  of  the  facnlse  is  the  same  for  all 
tbe  parallels,  and  equal  to  that  of  tbe  equator.  The  retardation  of  the 
motion  of  the  spots  explains  indeed  why  those  which  originate  at  the 
footofafacnla  proceed  gradually  in  the  direction  of  its  parallel  as  if 
sown  npon  its  course.  It  is  probable  that  tbe  unequal  velocity  which 
tbe  spots  possess  is  limited  by  a  rather  thin  layer  of  tbe  solar  envelope, 
vhile  tbe  great  mass  turns  solidly  with  the  constant  velocity  of  the 
bculie. 

We  know  the  stereoscopic  effects  which  are  obtained  with  photo- 
graphs of  tbe  moon,  taken  at  two  epochs  suitably  selected.  Perfected 
from  time  to  time'  thrse  photographs  will  be  of  service  in  studying 
more  exactly  tbe  libration  ;  they  will  also  cause  the  discovery  of  changes 
vhich  are  occurring,  perhaps,  on  the  surface  of  our  satellite,  and  which, 
affirmed  by  some,  contested  by  others,  remain  up  to  the  present  time 
very  doubtful.  On  the  contrary,  the  reality  of  modificntions,  sometimes 
rather  sudden,  appears  to-day  well  verified  for  some  planets.  ~   It  snf- 


488  PHOTOGRAPHY  IN  THE   SERVICE  OP  A8TB0NOHY. 

ficc»  tn  recall  the  mysterious  rectiliuear  canals  which  Mensrs.  Scbiapa- 
rclli  and  Perrotin  have  pointed  oat  on  the  snrface  of  Mars.  In  refer- 
ence to  sketches  sent  from  Nice,  Mr.  Janasen  has  made  tiie  8tat«inent 
that  be  was  urgently  seekiug  to  obtain,  with  the  aid  of  our  greiit  in- 
strumcDt,  pholographic  images  sufficiently  perfect  to  replace  Iheae  de- 
signs. "  I  know,"  says  he,  "  that  when  phenomena  are  oonuemed,  as 
delicate  as  those  which  have  been  discovered  at  Milan  and  at  Nice, 
photography  anh'appily  can  no  longer  strive  with  sight;  but  it  is  nec- 
essary (o  enter  resolutely  into  this  path,  to  prepare  for  the  fiittire."  If 
iu  place  of  designs,  we  could  have  photographic  images  even  loss  de- 
tailed, we  would  alrea<ly  derive  from  them,  in  regard  to  the  changes 
which  have  occnrred  on  the  surface  of  Mars,  notions  incomparably 
more  certain  than  those  with  which  we  are  obliged  tocouteut  ourselves. 

In  order  to  judge  of  the  difBcnlty  which  is  expcriencnt  in  coofroati:ig 
designs  of  a  diverse  origin,  we  have  only  to  pass  in  review  the  loDg 
series  of  sketches  of  the  nebula  of  Oriou,  made  through  two  centuries 
by  observers  sach  as  Quyglions,  Mairan,  Messier,  De  Vico,  Lamoot, 
J.  Herschel,  Lassell,  O.  Strnve,  the  two  Bonds,  Lord  Rosse,  Father 
Secchi.  In  1882,  Mr.  llolden  devoted  to  this  nebula  a  monograph  where 
he  gives  the  results  of  his  own  observations,  at  the  same  time  also 
copies  of  the  more  celebrated  drawings  of  this  famous  object.  These 
copies,  notwithstanding  they  are  very  imperfect,  cause  no  less  the 
growth  of  the  conviction  tliut  it  wonld  be  rash  to  invoke  unbiased  tes- 
timony to  prove  whether  it  is  troe  that  the  appearance  varies  thus  from 
one  sketch  to  another.  Mr.  Holden  has  also  reproduced  a  photograph 
of  the  nebalo,  obtained  by  H.  Dra[)er  in  1882.  Ithas  been  since  photo- 
graphed by  Mr.  Common,  by  Mr.  Roberts,  and  by  oth^  astronomers. 
Messrs.  Holden  and  Strnve  think  that  the  contour  of  the  nebula  of 
Orion  has  not  changed  since  ithas  been  observed  with  care,  but  that 
the  brightness  of  certain  portions  has  undergone  variations  which  con- 
tinue to  re-prodnce  themselves  before  our  eyes.  Photography  alone 
will  be  able,  some  day,  to  give  us  in  this  regard  a  complete  certainty, 
as  it  permits  as  already  to  watch  rapid  changes  iu  comets,  in  oatlinei 
so  variable. 

Meanwhile,  it  has  already  called  np  from  the  bosom  of  the  darkness 
nnknown  nebnife  which  the  human  eye  had  not  perceived.  Upon  a 
plate  of  the  Pleiades,  which  Messrs.  Henry  hail  obtained  November  16, 
1835,  the  star  Maia  was  shown  accompauied  with  a  small  cometary  tail, 
very  brilliant ;  it  was  discovered  that  this  was  anebalostty.  It  has  beea 
found  that  it  also  impressed  itself  upon  a  negative  of  Mr.  PickerJDg, 
which  dated  Nox'ember  3 ;  but  in  America  it  had  l>een  taken  for  an  ac- 
cidental spot.  Once  informed,  astronomers  in  possession  of  very  power- 
ful telescopes  have  been  able  to  verify  directly  its  existence;  ithas 
been  observed  successively  at  Pulkova,  Nice,  Vienna,  Washington, 
Geneva,  and  other  places  with  more  or  less  facility.  Since  then,  Messrs. 
Henry  have  continued  to  perfect  their  processes,  and  lUey  repeat  eaeli 


PHOTOGRAPHY  IN  THE  SEEVICE   OF  ASTRONOMY.  489 

year  the  negative  of  tbe  Pleiades,  whicb  is  well  worth  the  troable.  The 
impressions  of  1888,  obtaiued  with  very  seusi  live  phvtes  and  an  expo- 
sure of  four  hours,  have  revealed  with  surprising  clearness  the  diS'nse 
mnas  of  cosmieal  matter  which  envelopes  this  coDStellation,  and  of 
which  the  nebulse  of  Miiia  aud  of  Merope  are  only  tbe  most  lamioous 
parts.  A  cariont)  and  very  nnexpected  peculiarity  is  a  rectilinear  fila- 
ment of  nebnloos  matter  whicb  proceeds  from  the  principal  mass,  over 
a  length  of  40*  of  arc  and  a  Itreadth  of  3"  to  4"  only ;  it  encoun- 
ters on  its  course  seven  stars  which  It  unites  tof;ether  as  beads  of 
acbaplet.  A  second  line,  similar  but  shorter,  exists  in  the  midst  of 
tbe  uebulons  mass.  This  uew  negative  contains  besides  twice  as  many 
stars  as  tbe  first,  atraut  2,000.  The  chart  of  tbe  Pleiades  of  Mr.  G- 
Wolf,  which  coDsnmed  several  years  of  labor,  contains  only  671. 

Mr.  Pickering  bas  entered  into  tbe  same  path,  and  very  recently  bis 
plates  have  revealed  tbe  existence  of  five  or  six  new  nebulfe  in  diflerent 
i«giou8  of  the  sky.  Finally,  some  months  since,  Mr.  fioberts  commu- 
nicated to  tbe  Astronomical  Society  in  London  photographs  of  the  ellip- 
tical nebula  of  Andromeda,  which  are  indeed  a  revelation.  That  which 
seemed  an  unformed  mass  of  cosmieal  matter,  traversed  by  irregular 
fissures,  appeared  now  as  a  solar  system  in  embryo;  rings  are  dis- 
tinguished in  it,  which  are  detached  from  the  central  mass,  as  is  re- 
quired by  the  hypothesis  of  Laplace,  and  two  satellites  in  course  of 
formation,  whose  relative  positions  mast  have  undergone  some  changes 
since  tbe  epoch  of  tbe  observations  of  Bond.  Photography  renders 
tbns  intelligible  a  structure  which  sketches  are  inclined  to  conceal. 

The  success  obtained  in  this  field  can  depend,  in  a  certain  measure, 
Qpon  a  particular  photogenic  power  of  nebalie ;  but  it  is  explained 
QBpedally  by  this  fact,  that  tbe  sensitive  i>late  is  not  dazzled  by  the 
vicinage  of  more  brilliant  objects.  The  nebula  which  surrounds  the 
variable  star  Eta  Argus,  waa  invisible  when  this  star  appeared  to  be 
the  first  magnitude,  and  was  discovered  only  when  the  star  whicb 
eclipses  it  caused  it  to  descend  to  the  fourth  order  (it  is  now  the  seventh 
magnitude). 

There  is  found  to  be  an  advantage  of  the  same  order  in  the  applica- 
tion of  photography  in  the  registering  of  phenomena  iDstantaneous  or 
of  very  short  dnration,  like  eclipses,  occultations,  meridian  transita, 
where  the  cool-headed  sensitive  plate  shields  as  from  the  trouble,  aud 
from  errors  inseparable  from  a  precipitate  observation.  A  great  num- 
ber of  total  solar  eclipses,  also  the  two  transits  of  Venus,  1874  and  18S2, 
have  already  been  observed  by  this  means.  The  measures  of  numerous 
negatives  taken  by  the  French  expeditions  have  been  confided  co  a  per- 
sonnel of  the  gentler  sex,  ander  tbe  direction  of  Mr.  Booqnet  de  La 
tirye;  they  are  completed,  aud  the  calculations  are  in  a  very  advanced 
state. 

We  will  limit  here  this  rapid  review  of  the  services  which  j>botog- 
raphy  bas  rendered  to  astronomy,  or  whicb  it  is  to  render  to  it  after  a 
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delay  wliicL  is  foreseen,  ao([  which  is  already  in  some  decree  dis- 
counU'd.  So  great  re8itlt,  and  m  unexpected,  acqnired  in  so  short  a 
time — in  not  this  the  moat  brilliant  guaranty  of  the  fatnret  At  the 
same  time  telescopes  are  perfected  and  attain  coIosKal  dimensions. 
The  greatest  at  the  present  time  is  the  refractor  of  O.flO"  in  apertare 
which  is  to  be  installed  on  the  summit  of  Monnt  Hamilton,  in  Galifor- 
Dia,  where  stands,  1,300  meters  above  the  sealevel  of  the  Pacific,  an 
observatory  foanded  by  James  Lick.  This  old  maniifactnrer  of  orgaoa, 
made  rich  by  fortanate  speculations,  and  desiroas  of  perpetuating  bis 
name  in  the  memory  of  men,  had  for  a  long  time  hesitated  between  a 
pyramid  under  which  to  be  interred,  and  an  observatory  which  shoald 
be  erected  above  the  clouds.  It  was  said  to  bim  that  a  pyramid, 
which  he  wished  to  be  located  at  the  entrance  of  the  barbor  of  Sin 
Francisco,  would  be  taken  in  case  of  war  for  a  mark  by  the  enemy, 
and  he  decided  upon  the  observatory,  where  be  reposes  nnder  the 
great  telescope.  There  have  been  spent,  in  constructing  it  and  in  mak- 
ing a  road  to  it,  more  than  $700,000.  The  bequest  is  not  sufficient  for 
it,  and  the  State  has  been  obliged  to  intervene.  But  its  atmosphere 
has  a  parity  unknown  elsewhere;  it  has  at  least  two  days  of  fine 
weather  out  of  three. 
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By  Sir  Benby  E.  EosfiOE,  F.  E.  S.,  Preaident. 


In  asking  myself  what  aabject  I  coald  briog  before  yon  on  the  pres- 
ent occasion,  I  thought  I  coald  not  do  better  than  point  out  by  one 
example  what  a  chemist  may  do  for  mankind.  And  in  choosing  tbis 
tbeme  for  my  discourse  1  found  myself  in  no  want  of  material,  for 
amongst  the  various  aspects  of  scientific  activity  there  is  surely  none 
which,  whether  in  its  most  recondite  forms  or  in  those  most  easily  nn- 
derelood,  have  done  more  to  benefit  humanity  tban  those  which  have 
Iheir  origin  in  my  own  special  study  of  chemistry.  I  desired  to  show 
That  one  chemist  may  accomplish,  a  man  devoted  heart  and  soul  to  tbe 
investigation  of  nature,  a  type  of  the  ideal  man  of  science — whose  ex- 
ample may  stimulate  even  the  feeblest  amongst  ua  to  walk  in  his  foot- 
steps if  only  for  a  short  distance,  whose  life  is  a  consistent  endeavor  to 
seek  after  truth  if  haply  he  may  find  it,  whose  watchwords  are  simplic- 
ity, faithfulness,  and  industry,  and  whose  sole  ambition  is  to  succeed 
in  wideniug  the  pathway  of  knowledge  so  that  following  generations  of 
wayfarers  may  find  their  journeys  lightened  and  their  dangers  lessened. 

Sncb  men  are  not  uncommon  amongst  tbe  ranks  of  distinguished 
chemists.  I  might  have  chosen  as  an  example  tbe  life  and  labors  of 
your  some  time  townsman,  Joseph  Priestley,  bad  not  this  tbeme  been 
already  treated  by  Professor  Huxley,  in  a  manner  I  can  not  approach, 
OD  the  occasion  of  the  inauguration  of  the  statute  which  stands  hard  by. 
To  day  however  I  will  select  another  name,  that  of  a  man  still  living, 
the  great  French  chemist,  Pasteur. 

As  a  chemist  Pasteur  began  life,  as  a  chemist  be  is  ending  it.  For 
although,  as  I  shall  hope  to  point  out,  his  most  important  researches 
bare  entered  upon  fields  hitherto  tilled  with  but  scanty  success  by  the 
biologist,  yet  in  bis  hands,  by  the  application  of  chemical  methods,  they 
have  yielded  a  most  bountiful  harvest  of  new  facts  of  essential  service 
to  the  well-being  and  progress  of  tbe  human  race. 

And  after  all,  the  first  and  obvions  endeavor  of  every  cultivator  of 
science  ought  to  be  to  render  service  of  this  kind.     For  although  it  is 

*  Ad  addr«sa  deliTered  to  tha  members  of  tUc  Birmingham  aod  Midland  InHtitntfl^ 
in  the  Tovm  Hall,  BinuiDgbAm,  on  October  7,  18^0.  (.Valurx,  October  lU,  1809,  vol. 
IL,pp,  578-583.) 
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fnolisi)  and  sliort  KiglifcHl  to  decry  tli»  pursuit  of  any  form  of  acientifle 
Kttidy  because  it  may  be  »»  yet  I'lir  removed  from  pnivtieal  agiplication 
to  the  wants  of  mao,  and  altliottgh  snch  studies  muy  be  of  great  value 
88  an  incentive  to  intellectual  activity,  yet  the  statement  is  so  evideot 
»8  to  almost  amoQUt  to  a  truism,  that  discoveries  which  give  us  tbe 
power  of  rescuing  a  population  from  starvation,  or  which  tend  to 
diminish  the  ills  that  flesh,  whether  of  man  or  beast-,  is  lieir  to,  must 
deserve^Uy  attract  more  attention  anil  create  a  more  general  intereKt 
than  others  having  so  far  no  direct  bearing  on  the  welfare  of  the  nee. 

"  There  is  no  greater  cliarin,"  says  Pasteur  himself,  "  for  the  investi- 
gator than  to  make  new  discoveries,  but  his  pleasure  ia  mure  (ban 
donbled  when  he  sees  that  they  find  direct  application  in  practical  life.'' 
To  make  discoveries  capable  of  snch  an  application  has  been  the  gooil 
fortune — by  which  I  mean  the  just  reward — of  Pasteur.  How  he  maiio 
them  is  the  lesson  which  I  desire  this  evening  to  teach,  I  wish  to  shov 
that  these  discoveries,  culminating  as  the  latest  and  perhai>s  the  most 
remarkable  of  all,  in  that  of  a  cure  for  the  dreadeil  and  most  fearTuI  of 
all  fearful  maladies,  hydrophobia,  have  not  been,  in  the  words  of  Priest 
ley,  "  lucky  hap-hazardings,"  but  the  outcome  of  patient  and  long  con- 
tinued investigation.  This  latest  result  is,  as  I  shall  prove  to  yon,  not 
an  isolated  ease  of  a  happy  chance,  bat  simply  the  last  link  in  a  Ion;; 
chainof  discoveries,  each  one  of  which  has  followed  the  other  in  logi- 
cal sequence,  each  one  bound  to  the  other  by  ties  which  exhibit  tlie  life- 
work  of  the  discoverer  as  one  coaseqneut  whole.  In  order  howererto 
understand  the  end  we  must  begin  at  the  beginning,  and  ask  ourselves 
what  was  the  nature  of  the  training  of  hand,  eye,.and  brain,  which  en- 
abled Pasteur  to  wrest  from  nature  secret  processes  of  disease  the  dis* 
eovery  of  which  had  hitherto  baffled  all  the  efforts  of  biologists  1  Whal 
was  the  power  by  virtue  of  which  he  succeeded  wbeu  all  others  had 
failed  ;  how  was  he  able  to  trace  the  causes  and  jioint  out  remedies  for 
the  hitherto  unaccountable  changes  and  sicknesses  which  beer  and  wine 
undergo!  What  means  did  he  adopt  to  cure  the  fatal  silk-worm  dis- 
ease, the  existence  of  which  in  the  south  of  France  in  one  year  cost  that 
country  more  than  100,000,000  of  francs  T  Ot  how  did  lie  arrive  at  a 
method  for  exterminating  a  plague  known  an  fowl  cholera,  or  that  of 
the  deadly  cattle  disease,  anthrax,  or  splenic  fever,  which  has  killol 
millions  of  cattle,  and  is  the  fatal  woolsorters*  disease  in  mauf  And 
last,  but  not  least,  how  did  he  gain  an  insight  into  the  workings  of  that 
most  mysterious  of  all  poisons,  the  virus  of  hydrophobia  T 

To  do  more  than  point  out  the  spirit  which  has  guided  Pasteur  in  all 
his  work,  and  to  give  an  idea  of  the  nature  of  that  work  in  a  few  exam- 
ples, I  can  not  attempt,  in  the  time  at  my  disposal.  Of  the  magnitnde 
and  far-reaching  character  of  that  work  we  may  form  a  notion,  when 
we  remember  that  it  is  to  Pasteur  that  we  owe  the  foundation  ofthe 
Hoienceof  bacteriology,  a  science  treating  of  the  ways  and  means  of 
those  minute  organisms  called  microbes,  uiK>n  whose  behavior  the  very 
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life,  not  ooly  of  the  animal,  bat  perhaps  also  or  the  vegetable  world  de-' 
pends, — a  science  which  bids  fair  to  revolationize  both  the  theory  and 
practice  of  medicine,  a  science  which  has  already,  in  the  bands  of  Sir 
Joseph  Lister,  given  rise  to  a  new  and  beneficent  application  In  the 
discovery  of  antiseptic  surgery. 

The  whole  secret  of  Pasteur's  success  may  be  summed  up  in  a  few 
words.  It  consisted  in  the  application  of  the  exact  methods  of  physi- 
cal and  chemical  research,  to  problems  which  had  hitherto  been  at- 
tacked by  other  less  precise  and  less  systematic  methods.  His  early 
reaearches  were  of  a  purely  chemical  nature.  It  is  now  nearly  forty 
years  ago  since  he  publisheil  his  first  investigation.  But  this  pointed 
out  the  character  of  the  man  and  indicated  the  lines  npoo  which  all 
his  subsequent  work  was  liud. 

Uf  all  the  marvellous  and  far-reaching  discoveries  of  modern  ohem- 
istry  perhaps  the  most  interesting  and  important  is  that  of  the  exist- 
ence of  compounds  which  while  possessing  an  identical  composition 
(that  is,  made  up  of  the  same  elements  in  the  same  proportions),  ore 
abttolntely  different  substances  judged  of  by  their  properties.  The  first 
instance  made  known  to  us  of  such  isomeric  bodies,  as  they  are  termed 
by  the  chemist,  was  that  pointed  out  by  the  great  Swedish  chemist,  Ber- 
zelius.  He  showed  that  the  tartaric  acid  of  wine-lees  possesses  precisely 
the  same  composition  as  a  rare  acid  having  qaite  different  properties  and 
occasionally  found  in  the  tartar  deposited  from  wine  grown  in  certain 
districts  in  the  Yosges.  Berzelius  simply  noted  this  singular  fact,  but 
(lid  not  attempt  to  explain  it.  Later"  on,  Biot  observed  that  not  only 
(lo  these  two  acids  differ  in  their  chemical  behavior,  but  likewise  in 
their  physical  properties,  inasmuch  as  the  one  (the  common  acid)  pos- 
Hetwed  the  power  of  deviating  the  plane  of  a  polarized  ray  of  light  to 
the  right,  whereas  the  rare  acid  has  no  such  rotatory  power.  It  was 
reserved  however  for  Pastenr  to  give  the  explanation  of  this  singular 
and  at  that  time  nniqae  phenomenon,  for  he  proved  that  the  optically 
inactive  acid  is  made  ap  of  two  compounds,  each  possessing  the  same 
composition  but  differing  in  optical  properties.  The  one  tnrned  ont  to 
he  the  ordinary  dextro-rotatory  tartaric  acid ;  the  other  a  new  acid 
which  rotates  the  plane  of  polarization  to  the  left  to  an  eqnal  degree. 
As  indicating  the  germ  of  his  subsequent  researches,  it  is  interesting 
here  to  note  that  Pasteur  proved  that  these  two  acids  can  be  sepa- 
rated from  one  another  by  a  process  of  fermentation,  started  byamere 
trace  of  a  special  form  of  mold.  The  common  acid  is  thus  Arst  de- 
composed, so  that  if  the  process  be  carried  on  for  a  certain  time  only 
the  rarer  Isvo-rotatory  acid  remains. 

Investigations  on  the  connection  between  crystalline  form,  chemical 
conipositiou,  and  optical  properties  occupied  Pasteur  for  the  next  seven 
ye»rs,  and  their  r^uliK — which  seem  simple  enough  when  viewed  from 
the  vantage  ground  of  accomplished  fact — were  attainable  solely  by 
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themselves  walked  in  these  eaticing  and  yet  often  bewildering  patbs 
can  fally  appreciate,  and  by  attention  to  minnte  detail  as  well  as  to 
broad  principles  to  an  extent  wbicli  none  can  surpass  and  fewcaueqnal. 
A  knowledge  of  the  action  of  the  mold  in  the  changes  it  effects  on 
tartaric  acid  led  Paateor  to  investigate  that  b^  noire  of  chemists,  tbe 
process  of  fermentation.  The  researches  thns  inangnrated  in  1857,  not 
only  threw  a  new  and  vivid  light  on  these  most  complicated  of  chemical 
changes  and  pointed  the  way  to  scientific  improvements  in  brewing 
and  wine-making  of  the  greatest  possible  valae,  bnt  were  the  stepping- 
stones  to  those  higher  generalizations  which  lie  at  tbe  foundation  of 
tbe  science  of  bacteriology,  carrying  in  their  train  the  revolutions  in 
in  modem  medicine  and  surgery  to  which  I  have  referred. 

The  history  of  the  various  theories  from  early  times  until  oar  own 
day  which  have  been  proposed  to  account  for  the  fact  of  the  change  of 
sngar  into  alcohol,  or  that  of  alcohol  into  vinegar,  under  certtun  condi- 
tions, a  fact  known  to  the  oldest  and  even  the  most  nncivilized  of  races, 
is  one  of  the  most  iuterestiiig  chapters  in  the  whole  range  of  chemical 
literature,  bat  however  enticing,  is  one  into  which  I  can  not  now  enter. 
Suffice  it  here  to  say  that  it  was  Pasteur  who  brought  light  out  of  darb- 
nesss  by  explaining  conflicting  facts  and  by  overturning  fidse  hypoth- 
eses. And  this  was  done  by  careful  experiment  and  by  bringing  to 
bear  on  the  subject  an  intelligence  trained  in  exact  methods  and  in 
unerring  observation,  coupled  with  the  employment  of  the  microsoope 
and  the  other  aids  of  modem  research. 

What  now  did  Pasteur  accomplish  f  In  the  first  plaoe  he  proved 
that  the  changes  occurring  iu  each  of  the  various  processes  of  fermen- 
tation are  due  to  the  presence  and  growth  of  a  minute  organism  called 
tbe  ferment.  Exclude  all  traces  of  these  ferments  and  no  chan^ 
occurs.  Brewers'  wort  thus  preserved  reraaius  for  years  unaltered. 
Milk  and  other  complex  liquids  do  not  turn  sour  even  on  exposure  to 
pure  air,  provided  these  infinitely  small  organisms  are  excluded.  Bnt 
introduce  even  tbe  smallest  trace  of  these  microscopic  beings  and  tbe 
peculiar  changes  which  they  alone  can  bring  about  at  once  begin.  A 
few  cells  of  the  yeast  plant  set  up  the  vinous  fermentation  in  a  sngsr 
solution.  This  is  clearly  stated  by  Pasteur  as  follows :  "  Hy  decided 
opinion,"  he  saye,  "  on  the  nature  of  alcoholic  fermentation  is  tbe  fol- 
lowing: The  chemical  act  of  fermentation  is  essentially  a  correlative 
phenomenon  of  a  vital  act  beginning  and  ending  with  it.  I  think  tb&t 
there  is  never  any  alcoholic  fermentation  without  there  being  at  the 
same  time  organization,  development,  multiplication  of  globules,  or  the 
continued  consecutive  life  of  globules  already  formed." 

Add  on  a  needle's  poiut  a  trace  of  the  peculiar  growth  which  aocom 
panies  the  acetous  fermentation  and  the  sound  beer  or  wine  in  a  short 
time  becomes  vinegar.  Place  ever  so  small  a  quantity  of  the  organism 
of  the  lactic  fermentation  in  your  sweet  milk,  which  may  have  been 
preserved  fresh  for  years  iu  absence  of  such  organisms,  attdjoar  milk 
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toniB  Boat.  But  still  more,  the  orgaoism  (yeast)  which  briuge  aboat 
the. alcoholic  ferueutatioD  will  not  give  rise  to  the  acetous,  and  vice 
rerta;  so  that  each  pecaliar  chemical  chauge  is  bronght  abool  by  the 
vital  actioa  of  a  peculiar  organism.  lu  its  absence  the  change  can  not 
occur;  in  its  presence  only  that  change  can  take  place. 

Here  again  we  may  ask,  as  Pasteur  did,  wby  does  beer  or  wine  be- 
come sour  wheu  exposed  to  ordinary  airt  And  the  answer  to  this 
question  was  given  by  him  in  no  uncertain  tone  in  one  of  the  most 
remarkable  and  most  important  of  modem  experimental  researches. 
Hilk  and  beer  which  have  become  soui-  on  standing  in  the  air  contain 
living  micro-organisms  whicb  did  not  exist  iu  the  original  soand  fluids. 
Where  did  these  organisms  originate  1  Are  they  or  their  germs  con- 
tained in  the  air,  or  are  these  minute  beings  formed  by  a  process  ot 
spontaneoQS  generation  from  material  not  endowed  with  life  T 

A  controversy  as  to  the  truth  or  falsity  of  tbe  theory  of  spootaneous 
generation  was  waged  with  spirit  on  both  sides,  but  in  the  end  Pas- 
teur came  off  victorions,  for  by  a  scries  of  the  most  delicate  and  con- 
vincing of  experiments  he  proved  the  existence  of  micro-organic  forms 
and  their  spores — or  seeds — in  the  air,  and  showed  that  while  unpuri- 
fied  air  was  capable  of  setting  ap  fermentative  changes  of  various 
kiails,  tbe  same  air  freed  from  germs  could  not  give  rise  to  these 
changes  Keep  away  the  special  germ  which  is  the  incentive  to  the 
pathological  chauge  and  that  change  can  not  occur.  In  the  interior 
of  the  grape,  in  the  healthy  blood,  no  sncb  organisms,  do  such  germs 
exist;  puncture  the  grape  or  wound  the  animal  body  and  the  germs 
floating  in  the  air  settle  on  tbe  grape  juice  or  on  tbe  wounded  tissue, 
and  tbe  processes  of  change,  whether  fermentative  or  putrefactive,  set 
ID  with  all  their  attendant  symptoms.  But  crush  the  grape  or  wound 
the  animal  noder  conditions  which  either  preclude  the  presence  or  de- 
stroy the  life  of  the  floating  germ,  and  again  no  such  change  occurs ; 
^le  grape-juice  remains  sweet,  tbe  wound  clean. 

I  have  said  that  every  pecnliar  fermentative  change  is  accompanied 
by  the  presence  of  a  special  ferment.  This  most  important  conclusion 
has  only  been  arrived  at  as  tbe  result  of  careful  experimental  inquiry. 
How  was  this  effected!  By  the  artificial  cultivation  of  these  organ- 
isniB.  Just  as  the  botanist  or  gardener  picks  out  from  a  multitude  of 
wild  plants  the  special  one  which  he  wishes  to  propagate,  and  planting 
it  in  ground  favorable  to  its  growth,  obtains  fresh  crops  of  tbe  special 
piaot  he  has  chosen,  so  the  bacteriologist  can,  by  a  careful  process  of 
selection,  obtain  what  is  termed  a  pure  cultivation  of  any  desired  organ- 
ism. Having  obtained  such  a  pure  cultivation,  the  next  step  is  to  as- 
certain what  are  tbe  distinctive  properties  of  that  special  organism ; 
vhat  characteristic  changes  does  it  bring  about  in  material  suitable  for 
its  growth.  This  having  been  determined,  and  a  foundation  for  tbe 
science  having  thus  been  laid,  it  is  not  difBcult  to  apply  these  principles 
to  practice,  and  the  first  application  made  by  Pasteur  was  to  t)ie  study 
of  the  diseases  of  beer  and  wine.  vit)i^)i^lc 
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In  September,  1871,  Pasteur  visited  one  of  the  large  Loudon  brew- 
eries, iu  wbicli  tlie  use  of  the  microscope  was  tben  DoknowD.  A  siDgle 
glaooe  at  tbe  condition  of  the  yeast  instantly  told  its  tale,  and  enabled 
him  to  explain  to  tbe  brewers  the  cause  of  tbe  serious  state  of  things 
by  which  frequently  as  much  as  20  per  cent  of  their  prodact  was 
returned  on  their  bands  as  unsalable— this  being  that  this  yeast  oou- 
tained  forsign  or  uuhenlthy  organisms.  And  jnst  as  pure  yeast  is  tbe 
cause  of  the  necessary  conversion  of  wort  into  beer,  so  these  strange 
forms  wbicb  differ  morphologically  from  yeast,  and  whose  presence  csti 
therefore  be  distinctly  ascertained,  are  tbe  cause  of  acidity,  ropines.s, 
turbidity,  and  other  diseases  which  render  the  beer  uudrinkable.  It  is 
no  exaggeration  to  say  that,  whereas  before  Pasteur's  researches  tbu 
microscoi>e  was  practically  unknown  iu  tbe  brew-house,  it  bas  now  l<o 
come  as  common  as  tbe  thermometer  or  the  sacchari  meter,  and  by  ibt- 
belp  and  by  the  interpretations  we  cau  place  uiK>n  its  revelations  tbroogh 
Pasteur's  teaohiug,  yeast — of  all  brewers'  materials  tbe  least  open  to 
rough  and  ready  practical  discernineot — becomes  easy  of  ratuatiou  as 
to  its  purity  or  impurity,  its  vigor  or  weakness,  and  therefore  iU 
behavior  during  fermentation.  Thus,  while  in  former  days  tbe  most 
costly  materials  were  ever  liable  to  be  ruined  by  disease  organisms 
unconsciously  introduced  into  them  with  the  yeaat,  at  the  present  day 
the  possibilities  of  any  such  vast  pecuniary  disasters  become  easily 
avertable. 

Of  all  industries,  brewing  is  perhaps  the  one  which  demands  themo8t 
stringent  care  in  regard  to  complete  and  absolute  cleanliness.  The 
brewers'  materials,  products,  and  by-prodnets,  are  so  putrescible,  there 
IS  always  so  vast  an  abundance  of  disease  organisms  in  the  brewi-rv  air, 
that  the  minutest  amounts  of  these  waste  products  lying  about  in  ves- 
sels or  pipes  transform  these  places  iuto  i>erfect  nesta  for  the  propa- 
gation of  these  micro-organisms,  whence,  trausferred  into  tbe  brewings, 
they  inevitably  ruin  them,  however  carefully  and  scientifically  prepared 
in  other  respects.  Without  the  microscope,  any  breach  of  disciplineiii 
the  way  of  tbe  supreme  cleanliness  necessary  is  impossible  of  detection; 
with  it  we  cau  track  down  the  micro-organisms  to  their  souTxte,  whether 
it  be  iu  uncleanly  plant,  in  impurily  of  materials,  or  in  carelessness  of 
manipulation. 

Among  tbe  more  direct  applications  of  Pasteur's  researches,  the  so- 
called  Pasteurizatmn  of  beer  claims  a  place.  Pasteur  showed  that  tem- 
peratures well  l>elow  the  boiling-point  sufficed  for  destroying  the  disease 
organisms  iu  alcoholic  Uuids,  and,  based  on  these  results,  enonnons 
quantities  of  low-fennentatiou  beers  are  aniiuaUy  submitted  to  thesti 
temperatures,  and  thus  escape  the  changes  otherwise  incident  to  tue 
micro  orgauisms  which  havesuccumbed  to  the  treatment.  Thispnxr^-^ 
is  howexer  for  several  intricate  reiisoiis,  not  suited  fur  English  \mi-Tn, 
but  if  we  can  not  kuep  our  beers  by  submitting  tbein  to  high  ioiiiihtj- 
ttirvS]  we  cau  foretell  to  a  nicety  bow  they  will  keep  by  artiflciftlly  fore- 
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iugoo  those  obanges  wbich  would  occur  more  slowly  dQiiDg  storage. 
The  application  of  a  saitable  temperature,  tbeexclnslou  of  outside  coo- 
tami nation,  a  microscopic  examination  of  the  "forced"  beer,  and  the 
knowledge  which  we  owe  to  Pasteur  of  what  the  microscopic  aspect 
means,  snfflceto  make  each  brewing  foretell  its  own  future  history,  and 
thus  suffice  to  avert  the  otherwise  Inevitable  risks  incident  to  the  stor- 
age and  export  of  beer,  the  stability  of  which  is  unknown. 

Brewing  has  thus  become  a  series  of  precise  and  definite  operations, 
capable  of  control  at  every  point.  Instead  of  depending — as  it  bad  to 
depend — on  intuition  and  experience  banded  down  iu  secrecy  from 
laUier  to  son,  it  now  depends  ui)on  care,  foreUioaght,  and  the  soundness 
of  the  brewer's  scientific  training.  This  change  in  the  nature  of  the 
brewer's  operations,  and  in  the  persons  who  govern  them,  is  primarily 
due  to  Pasteur.  Other  men  have  done  much  to  carry  on  his  work,  but 
it  is  to  his  example  of  ceaseless  patience,  and  to  his  example  of  freely 
poblisbing  to  the  world  all  the  results  of  his  work,  that  the  brewers  of 
all  countries  are  indebted  for  the  connection  of  each  phenomenon  with 
a  controllable  cause,  and  for  thus  emancipatiug  their  industry  from  em- 
piricism and  quackery. 

Much  the  same  story  has  to  be  told  about  Pasteur's  investigation  of 
wine  and  its  diseases.  As  with  the  brewer,  so  with  the  wine-grower 
Past«nr  has  pointed  out  the  causes  of  his  troubles,  and  the  causes  hav- 
ing been  ascertained,  the  remedies  soon  followed,  and  the  practical 
value  of  these  researobes  to  the  trade  of  France  and  other  wine-produc- 
ing cooDtries  has  been  enormous. 

The  next  labor  of  our  scientific  Hercules  was  of  a  different  kind,  but  of 
a  no  less  interesting  or  important  character.  The  south  of  France  is  a 
great  stlk-prodncing  district.  Iu  1853,  the  value  of  the  raw  silk  was 
TepreseDted  by  a  sum  of  some  £6,000,000  sterling,  and  up  to  that  date 
the  revenue  from  this  source  bad  been  greatly  augmenting.  Suddenly 
tiiis  tide  of  prosperity  turned,  a  terrible  plague  broke  out  amongst  the 
dlk-woims,  and  in  1865,  so  general  had  the  disease  become,  that  the  total 
production  of  French  silk  did  not  reach  £1,000,000,  and  the  consequent 
poverty  and  suffering  endured  iu  these  provinces  became  appalling. 
Every  conceivable  means  was  tried  to  overoome  the  disease,  but  all  in 
v^n.  The  population  and  the  Government  of  France — for  the  evil  was 
a  national  one — were  at  their  wits'  end,  and  a  complete  collapse  of  one 
of  the  most  important  French  industries  seemed  inevitable.  Under 
these  circumstances  the  great  chemist  Dnmas,  wbo  was  born  at  Alais, 
in  the  <»nter  of  <me  of  the  districts  most  seriously  affected,  urged  his 
friend  Pasteur  to  undertake  an  investigation  of  the  subject.  Pasteur, 
«bo  at  this  time  had  never  seeu  a  silk-worm,  naturally  felt  ditBdent 
about  attempting  so  difficult  a  task,  bnt  at  last,  at  Dumas's  reoewe^l  en- 
treaty, he  consented,  and  in  June,  1865,  betook  himself  to  the  south  for 
the  parpoee  or  studying  the  disease  on  the  spot.  His  previous  training 
bare  again  stood  him  in  good  stend,  aud  in  September,  1865,  he  was  able 
H.  Mis.  224—33 
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to  oommanicate  to  the  Academy  of  Sciences,  resalts  of  obseiratioos 
and  ezpenment  which,  striking  at  the  root  of  the  evil,  pointed  the  way 
to  the  meaua  of  secariug  immnnity  from  the  dreaded  plagae.  This  pa- 
per was  freely  criticised.  Here,  it  was  said,  was  a  chemist  who,  qoitting 
his  proper  sphere,  had  the  liardifaood  to  lay  down  rales  for  the  goid- 
aoce  of  the  physician  and  biologist  in  fields  specially  their  owd.  Why 
should  his  proposals  be  more  saccessfnl  thao  alt  the  other  nostmniB 
which  had  already  so  egregiously  failed! 

Id  order  to  appreciate  the  difBcalties  which  met  Pasteur  in  this  in- 
quiry, and  to  aDderstand  bow  wonderfally  he  overcame  tbeta,  I  most 
very  shortly  describe  the  nataro  of  this  disease,  which  is  termed  p^brine, 
from  the  black  spots  which  cover  the  silk-worm.  It  declares  itself  by 
the  stunted  and  unequal  growth  of  the  worms,  by  their  torpidity,  and 
by  their  fastidiooBDess  as  to  food,  and  by  their  premature  death. 

Before  Pasteur  went  to  Alais  the  preseuce  of  certain  mitiroecopic  cor- 
puscles had  been  noticed  in  the  blood  and  in  all  the  tissoes  of  the  dis- 
eased caterpillar,  and  even  in  the  eggs  from  which  such  worms  were 
hatched.  These  micro-organisms  often  fill  the  whole  of  the  silk  organs 
of  the  insect,  which  in  a  healthy  condition  contain  the  clear  viaooas 
liqnid  fmm  which  the  silk  is  made.  Such  worms  are  of  coarse  valoe- 
leas.  Still  this  knowledge  did  not  safBce,  for  e^s  apparently  healUiy 
gave  rise  to  stricken  worms  incapable  of  prodaclng  silk,  whilst  again 
other  worms  distinctly  diseased  yielded  normal  cocoons.  These  diffi- 
calties,  which  had  proved  too  much  for  previoos  observers,  were  ftilly 
esplained  by  Pastear.  "The  germs  of  these  organisms,"  said  be,  "which 
are  so  minate,  may  be  present  in  the  egg  and  even  in  the  yoong  worms, 
and  yet  baffle  the  most  carefal  search.  They  develop  with  the  growth 
of  the  worm,  and  in  the  chrysalis  they  are  more  easily  seen.  The  moth 
derived  fh>m  a  diseased  worm  invariably  contains  tiiese  corpnacles,  and 
is  incapable  of  breeding  healthy  progeny." 

This  moth-test  is  the  one  adopted  by  Pasteur,  and  it  is  an  in&llible 
one.  If  the  female  moth  is  stricken,  then  her  eggs,  even  though  they 
show  Qo  visible  sign  of  disease,  wilt  produce  sick  worms.  If  in  the  moth 
no  micrococci  are  seeu,  then  her  immediate  progeny  at  any  rate  will  be 
sound  iind  free  from  inherited  taint,  and  will  always  produce  the  nwrnal 
quantity  of  silk.  But  this  is  not  all.  Pasteur  fouud  that  healthy  wonuB 
cau  be  readily  infected  by  contact  with  diseased  ones,  or  through  gemiB 
contained  iu  the  dust  of  the  rooms  in  which  the  worms  are  fed.  Worms 
thus  infected,  but  f^ee  fh>m  inherited  taint,  can  however  (as  stated) 
spin  normal  cocoons,  bnt — and  this  is  the  important  point — the  motha 
which  such  chrysalids  yield  iuvariably  produce  diseased  eggs.  This 
explains  the  anomalies  previously  noticed.  The  silk-worms  which  die 
withoat  spinning  are  those  in  which  the  disease  is  hereditary,  viz,  those 
born  from  a  diseased  mother.  Worms  from  sound  eggs  which  contntct 
the  disease  daring  their  life-time  always  spin  their  silk,  bat  they  give 
rise  to  a  stricken  moth,  the  worms  from  which  do  not  reach  maturity 
and  furnish  no  silk.  v^iOO'^K 
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Ab  I  hRT6  eaid,  these  resnlts  were  bat  coldly  received.-  It  was  bard 
to  make  those  engaged  in  rearing  the  worms  believe  in  the  efficacy  of 
the  proposed  core.  Then,  seeing  this  state  of  things,  Pastear  deter- 
mined to  take  npon  himself  the  rdle  of  a  prophet.  Having  in  1866  care- 
folly  examined  a  considerable  number  of  the  moths  which  had  laid  eggs 
intended  for  iucabation,  he  wrote  down  a  prediction  of  what  would  hnp- 
pen  in  the  following  year  with  respect  to  the  worms  hatched  from  these 
eggs.  In  due  course,  after  the  worms  fh>m  a  mixed  batch  of  healthy 
and  unhealthy  eggs  bad  span,  the  sealed  letter  was  opened  and  read, 
and  the  prediction  compared  with  the  actnal  result,  when  it  was  fonnd 
tiiat  in  twelve  out  of  fourteen  cases  there  was  absolute  conformity  be- 
tween the  prediction  and  the  observation,  for  twelve  hatchings  were 
predicted  to  turn  out  diseased,  and  this  proved  to  be  the  case.  Now 
all  these  "edncations"  were  believed  to  be  healthy  by  the  cnltivators, 
hot  Pastear  foretold  that  they  woald  torn  oat  to  be  diseased  by  the  ap- 
plication of  the  moth-test  in  the  previous  year.  The  other  parcels  of 
eggs  were  prononnced  by  Past«nr  to  be  sound,  because  they  vere  laid 
by  healthy  moths  contaiuing  none  of  the  micrococci,  and  both  these 
yielded  a  healthy  crop.  So  successful  a  prophecy  could  not  bat  gain  the 
belief  of  the  most  obtnse  of  cultivators,  and  we  are  ooi:  suprised  to  learn 
tiiat  Past«ar'8  test  was  soon  generally  applied,  and  that  the  eonse- 
qnence  has  t>een  a  return  of  prosperity  to  districts  in  which  tfioasands 
of  homes  had  been  desolated  by  a  terrible  scourge. 

I  mast  now  ask  you  to  accompany  me  to  another  and  a  new  field  of 
Pasteur's  labors,  which,  perhaps  more  than  his  others,  claims  your  sym- 
pathy and  will  enlist  your  admiration,  because  they  have  opened  out 
to  OB  the  confident  hope  of  at  least  obtaining  an  insight  into  some  of 
the  hiddeu  causes  and  therefore  to  the  possible  preventioa  of  disease. 

In  the  first  place.  I  must  recall  to  your  remembrance  that  most  infec- 
tions diseases  seldom  if  ever  recur,  and  that  even  a  slight  attack  ren- 
ders the  subject  of  it  proof  against  a  second  one.  Hence  inocalation 
from  a  mild  case  of  small-pox  was  for  a  time  practiced,  bat  this  too 
often  brought  about  a  serious  if  not  fotal  attack  of  the  malady,  and  the 
steps  taken  by  Jenner  of  vaccinating,  that  is  of  replacing  for  the  serious 
disease  a  slight  one  which  aevertheless  is  sufScieut  protection  against 
Binall-pox  infection,  was  one  of  the  highest  importance.  But  Jeoner's 
'great  discovery  has  up  to  recent  years  remained  au  isolated  ooe,  for  it 
led  to  no  general  method  for  the  preventive  treatment  of  other  maladies, 
nor  had  any  explanation  been  offered  of  its  mode  of  action.  It  is  to 
Pasteur  that  science  is  indebted  for  the  generalization  of  JenneHs 
method,  and  for  an  explanation  which  bids  fair  to  render  possible  the 
preventive  treatment  of  many — if  not  of  all — infectious  diseases.  It 
was  his  ezperieoce,  based  npon  his  researches  on  fermentation,  that  led 
ton  knowledge  of  (be  nature  of  the  poison  of  such  diseases,  and  showed 
the  possibility  of  so  attttiiiiatiiig  ur  weakening  the  vims  as  to  furuish  a 
d  method  of  protective  or  preveutive  inoculation.    ,Ot)t)<jlc 
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I  have  already  pointed  oat  bow  a  pare  cnltiration  of  a  microbe  can  be 
effected.  Jast  a»  the  production  of  pore  alcohol  depends  on  the  prefi- 
ence  of  the  pare  yeast,  so  special  diseases  are  deiieodent  on  tbe  presence 
of  certain  deduite  orgaoisms  which  can  be  artificially  caltivated,  and 
which  give  rise  to  tbe  special  malady.  Can  we  now  by  any  system  of 
artificial  cnltivation  so  modify  or  weaken  the  vims  of  a  given  microbe 
as  to  render  it  possible  to  inocnlate  a  modified  virus  which,  whilst  it  is 
without  danger  to  life,  is  still  capable  of  acting  as  a  preventive  to  fur- 
ther attack  t  This  is  the  qaestlori  which  Pasteor  set  himself  to  solve, 
nor  was  the  task  by  any  means  an  apparently  hopeless  one.  He  had 
not  only  the  case  of  Jennerian  vaccination  before  him,  but  also  the  well- 
known  modifications  which  cnltivation  can  bring  about  in  plants.  The 
first  instance  in  which  Pasteur  succeeded  in  effecting  this  weakening 
of  the  poison  was  in  that  of  a  fatal  disease  to  which  poultry  in  France 
are  very  liable,  called  chicken  cholera.  Like  many  other  maladies,  this 
is  caused  by  the  presence  of  a  micro-organism  found  in  tiie  blood  and 
tissues  of  the  stricken  fowl.  One  drop  of  this  blood  brought  under  the 
skin  of  a  healthy  chicken  kills  it,  and  the  same  microbe  is  fonud  through- 
out its  body.  And  if  a  pure  culture  of  these  microbes  be  made,  that 
culture— even  after  a  series  of  generations — is  as  deadly  a  poison  as  the 
original  blood.  Now  comes  the  discovery.  If  these  cnltares  be  kept 
at  a  suitable  temperatare  for  some  weeks  exposed  to  pare  air,  and  the 
poisonous  properties  tested  from  time  to  time,  the  poison  is  found  grad- 
ually to  become  less  powerful,  so  that  after  the  lapse  of  two  months  a 
dose  which  had  formerly  proved  fatal  now  does  not  disturb  in  the 
slightest  the  apparent  health  of  the  fowl.  But  now  let  us  inoculate  a 
chicken  with  this  weakened  virus.  It  suffers  a  slight  illness,  bat  soon 
recovers.  Next  let  us  give  it  a  dose  of  the  undiluted  poison,  and,  as  a 
control,  let  as  try  the  action  of  the  same  on  an  unprotected  bird.  What 
is  the  result  t  Why,  that  the  first  chicken  remains  unaffected,  whilst 
the  second  bird  dies.  The  inoculation  has  rendered  it  exempt  from  the 
disease,  and  this  has  been  proved  by  Pasteur  to  l>e  true  in  thousands 
of  cases,  so  that  whereas  the  death-rate  in  certain  districts  amongst 
fowls  t>efore  the  adoption  of  Pasteur's  inoculation  method  was  10  per 
cent.,  after  ite  general  adoption  it  has  diminished  to  less  than  1  per 
oent. 

We  can  scarcely  value  too  highly  this  discovery,  for  it  proves  thut 
the  twisonons  nature  of  tbe  microbe  is  not  unalterable,  but  tbatit  can  be 
artificially  modified  and  reduced,  and  thus  an  explanation  is  giveu  of 
the  fact  that  in  an  epidemic  the  virus  may  either  be  preserved  or  be- 
come exhausted  according  to  the  conditions  to  which  it  is  subjected. 
We  have  here  to  do  with  a  case  similar  to  that  of  Jenner's  vaccine, 
except  that  here  the  relation  between  the  weak  and  the  strong  iKiiHon 
has  become  known  U>  us,  whilst  iti  Jenner's  case  it  has  lain  concealed. 
This  then  is  the  first  triumph  of  experimentel  inquiry  into  the  cause 
and  prevention  of  microbic  disease,  and  this  method  of  attenoation  is 
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of  great  importaDce,  beoaase,  as  we  shall  see,  it  is  not  confined  to  the 
case  of  chicken  cholera,  but  is  applicable  to  other  diseases. 

And  next  I  will  speak  of  one  which  is  a  fatal  scourge  to  cattle,  and  is 
not  nnfreqaeotly  transmitted  to  man.  It  is  called  anthrax,  splenic 
fever,  or  woolsorters'  disease.  This  piagoe,  which  has  proved  fatal  to 
millions  of  cattle,  ia  also  dae  to  a  microbe,  which  cau  be  cnltivated  like 
the  rest,  and  the  virus  of  which  can  also  be  weakened  or  attenuated  by 
a  distinct  treatment  which  I  will  not  here  further  specify.  Now,  what 
ia  the  effect  of  inocalating  cattle  or  sheep  with  this  weakened  poison  T 
Does  it  act  as  a  preventive  T  That  the  answer  is  in  the  afSrmative  was 
proved  by  Pasteur  by  a  conriucing  experiment  Five-and- twenty 
Rheep,  chosen  promiscuously  out  of  a  flock  of  fifty,  were  thus  inoculated 
with  the  weak  virus,  then  after  a  time  all  tbe  fifty  were  treated  with  the 
strong  poison.  The  first  half  remained  healthy,  all  tbe  others  died  of 
anthrax.  Since  the  discovery  of  this  method,  no  fewer  than  1,700,000 
sheep  and  about  90,000  oxen  have  thus  been  inocalate<l,  and  last  year 
269,599  sheep  and  34,464  oxeu  were  treated.  The  mortality  which 
before  the  introdaction  of  the  preventive  treatment,  was  in  the  case  of 
sheep  10  per  cent.,  was,  after  the  adoption  of  the  method,  reduced  to 
less  than  1  per  cent.  So  that  now  the  farmers  in  the  stricken  districts 
have  all  adopted  the  process,  and  at;ricultural  insurance  societies  make 
the  preventive  inoculation  a  «ne<2^non  for  insuring  cattle  in  those  dis- 
tricts. This  is  however  not  the  end  of  this  part  of  my  story,  for  Pas- 
teur can  not  only  thus  render  the  anthrax  poison  harmless,  but  be  has 
tanght  us  how  to  bring  the  highly  virulent  poison  back  again  ftom  tbe 
harmless  form.  This  may  go  to  explain  the  varying  strength  of  an  at- 
tack of  infectious  disease,  one  case  being  severe  and  another  but  slight, 
dne  to  tbe  weakening  or  otberwiue  of  the  virus  of  the  active  microbe. 

Last,  but  not  least,  I  mu(>t  refer  to  the  most  remarkable  of  all  Pasteur's 
reseacfaes,  that  on  rabies  and  hydrophobia.  Previous  to  the  year  18^0, 
when  Pasteur  began  his  study  of  this  disease,  next  to  nothing  was 
known  about  its  nature.  It  was  invested  with  the  mysterious  horror 
vbich  often  accompanies  tbe  working  of  secret  poisons,  and  the  horror 
was  rendered  greater  owin^  to  the  fact  that  the  development  of  the 
IKHBon  brought  in  by  tbe  bite  or  by  the  lick  of  a  mad  dog  might  be  de- 
ferred for  months,  and  that  if  after  that  length  of  time  the  symptoms 
ODce  make  their  appearance,  a  painful  death  was  inevitable.  We  knew 
iodeed  that  the  vims  was  contained  in  the  clog's  saliva,  but  experiments 
made  upon  the  inoculation  of  the  saliva  had  led  to  no  definite  results, 
and  we  were  entirely  in  the  dark  as  to  the  action  of  the  poison  until 
Pasteur's  investigation.  To  begin  with,  be  came  to  the  conclusion  that 
the  disease  was  one  localized  in  the  nerve-centers,  and  to  the  nerve- 
eenters  he  therefore  looked  as  tbe  seat  of  the  virus  or  of  the  microbe. 
And  he  proved  by  experiment  that  this  is  tbe  case,  for  a  portion  of  the 
natter  of  the  spinal  column  of  a  rabid  dog,  when  injected  intoabealtby 
one,  causes  rabies  with  a.  much  greater  degree  of  certeintyand  rapidity 
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than  does  the  injectioo  or  the  saliva.  Here  then  we  bare  one  step  in 
advance.  Tbe  disease  is  one  of  tbe  nerTe-centers,  and  therefore  it 
only  exhibits  itself  when  the  nerve-centers  are  attacked.  And  this 
goes  to  explain  the  varying  times  of  incabation  wbich  tbe  attack  ex- 
hibits. Tbe  Tiros  has  to  travel  ap  tbe  spinal  cord  before  tbe  symptoms 
can  manifest  themselves,  and  the  length  of  time  taken  over  that  jour- 
uey  depends  ou  many  droDmstances.  If  this  be  so,  the  period  of  inca- 
bation must  be  leseened  if  the  virus  is  at  once  introduced  into  the 
nerve-centers.  This  was  also  proved  to  be  the  case,  for  dogs  inoculated 
under  the  dura  mater  invariably  became  rabid  within  a  pen'od  rarely 
exceeding  eighteen  days. 

Next  came  the  question,  can  this  viros  be  weakened,  as  baa  been 
proved  possible  with  tbe  former  poiaonsf  Tbe  difflcalty  in  this  case 
was  greater,  inasmuch  as  all  attempts  to  isolate  or  to  cultivate  tbe 
special  microbe  of  rabies  outside  tbe  animal  body  had  failed.  But  Pas- 
teur's energy  and  foresight  overcame  this  difficulty,  and  a  method  vun 
discovered  by  wbich  this  terrible  poison  can  so  &r  bo  weakened  as  to 
lose  its  virulent  character,  but  yet  remain  [totent  enough,  like  the  cases 
Already  (luoted,  to  act  as  a  preventive  ;  and  dogs  which  bad  thus  beeu 
inocolated  were  proved  to  be  so  perfectly  protected,  that  they  might  be 
bitten  with  impunity  by  mad  dogs,  or  inoculated  harmlessly  with  tbe 
most  powerfal  rabic  virns. 

Bat  yet  another  step.  Wonld  tbe  preventive  action  of  the  weakeninl 
vims  hold  good  when  it  is  inoculated  even  after  the  bitef  If  so,  it 
might  be  thus  possible  to  save  the  lives  of  persons  bitten  by  mad  dogs- 
Well,  experiment  has  also  proved  this  to  be  true,  for  a  number  of  dogs 
were  bitten  by  mad  on<»,  or  were  inoculated  under  the  skin  with  rabie 
virus ;  of  these  some  were  subjected  to  tbe  preventive  cure  and  others 
not  thus  treated.  Of  the  first  or  protected  series  not  one  became  mnd; 
of  tbe  other,  or  unprotected  dogs,  a  large  number  died  with  all  the 
characteristic  symptoms  of  tbe  disease.  But  it  was  one  thing  to  thus 
experiment  upon  dogs,  and  quite  another  thing,  as  you  may  well  imag- 
ine, to  snbjeot  hnman  beings  to  so  novel  and  perhaps  diingerous  a  treat 
ment  Nevertheless,  Pasteur  was  bold  enough  to  take  this  necessaty 
step,  and  by  so  doing  has  earned  the  gratitude  of  tbe  human  race. 

In  front  of  tbe  Pastear  Institute  in  Paris  stands  a  statue  woited 
with  oouBommate  skill  in  bronze.  It  represents  a  Fronch  shepherd  boy 
engaged  in  a  death  straggle  with  a  mad  dog  which  bad  been  worryinK 
his  sheep.  With  his  bare  hands,  and  with  no  weapon  save  his  wooden 
sotof,  the  boy  was  successful  in  the  combat.  He  killed  tbe  dog,  but 
was  horribly  bitt«n  in  the  fight.  The  group  represents  no  mythical 
struggle;  tbe  actual  event  took  place  in  October,  18S5 ;  and  this  boy, 
Jnpille,  was  tbe  second  person  to  undergo  the  anti-rabic  treatment, 
which  proved  perfectly  successfat,  for  he  remained  perfectly  healthy, 
and  his  heroic  deed  and  its  consequences  have  become  historic  "Ce»t 
le  premier  pat  qui  coute,'^  and  as  soon  as  tbe  first  man  bad  been  succesB- 
fblly  treated  others  similarly  situated  gladly  availed  themselves  of  Pas- 
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teal's  geDerooB  offer  to  treat  them  grataitoasly.  And  as  soon  aa  this 
core  became  generally  known  crowds  of  persona  of  all  ages,  stations, 
uid  conntries,  all  bitten  by  rabid  animals,  visited  every  day  Pastenr's 
laboratory  in  the  Bae  d'Ultn,  which,  frou  being  one  in  which  qniet  scien- 
tific researches  were  carried  on,  came  to  resemble  the  oat-patient  de- 
partment of  a  great  hospital.  There  I  saw  the  French  peasant,  the 
Bnssian  moujiic  (safferiug  from  the  terrible  bites  of  rabid  wolvoe),  the 
Bwarthy  Arab,  the  English  policeman,  with  women  too  and  children  of 
every  age;  in  alt  perhaps  a  hundred  patients.  All  were  there  under- 
going the  careful  and  kindly  treatment,  which  was  to  insure  them 
against  a  horrible  death.  Such  a  sight  will  not  be  easily  forgotten. 
By  degrees  this  wonderful  cure  for  so  deadly  a  disease  attract«d  the 
attention  of  men  of  science  thronghont  the  civilized  world.  The  French 
nation  raised  a  monument  to  the  discoverer  better  than  any  statue  in 
the  shape  of  the  "Pasteur  Institnte,"  an  institution  devoted  to  carry- 
iag  out  in  practice  this  aiiti-rabic  treatment,  with  laboratories  and  every 
other  convenience  for  extending  by  research  oar  knowledge  of  the  pre- 
ventive treatment  of  infections  disease. 

For  be  it  remembered,  we  are  only  at  the  beginning  of  these  things, 
and  what  has  been  done  is  only  an  inkling  of  what  is  to  come.  Since 
18S5,  twenty  anti-rabic  institutions  have  been  established  in  various 
parts  of  the  worid,  incladiug  Naples,  Palermo,  Odessa,  St.  Petersburg, 
Constantinople,  Bio  Janeiro,  Bnenos  Ayies,  and  Havana. 

We  in  England  have  also  taken  oar  share,  though  a  small  one,  iu 
this  work.  In  1885, 1  moved  in  the  House  of  Commons  for  a  committee 
to  investigate  and  report  on  Pasteur's  aoti-rabic  method  of  treatment. 
This  committee  consisted  of  trusted  and  well-known  English  men  of 
uieooe  and  physicians — Sir  James  Paget,  Sir  Joseph  Lister,  Drs.  Bnr- 
don  Sanderson,  Lauder  Brunton,  Qnain,  Fleming,  and  myself,  with 
Pro£  Victor  Horsley  as  secretary.  We  examined  the  whole  subject, 
investigated  the  details  of  a  namber  of  cases,  repeated  Pastenr's  experi- 
ments CD  tmimals,  discussed  tno  published  statistics,  and  arrived  nnani- 
moaslyat  the  opinion  that  Pasteur  was  justified  in  his  conclnsions,  and 
that  bis  anti-rabic  treatment  had  conferred  a  great  and  lasting  benefit 
OD  mankind.  Since  then  His  Boyal  Highness  the  Prince  of  Wales,  who 
always  takes  a  vivid  interest  in  questions  affecting  the  well-being  of 
the  people,  has  visited  the  Pasteur  Institate,  and  has  expressed  himself 
strongly  in  favor  of  a  movement,  started  by  the  present  lord  mayor  of 
London,  for  showing  to  Pasteur,  by  a  substantial  grant  to  his  Institute, 
oar  gratitude  fbr  what  be  has  done  to  relieve  upwards  of  two  hundred 
and  fifty  of  oar  countrymen  who  have  undergone  treatment  at  his 
hands,  and  likewise  to  enable  poor  persons  who  have  been  bitten  to 
ondertake  the  jonruey  to  Paris,  and  the  sojourn  there  necessary  for 
their  treatment.  This  lasts  about  a  fortnight,  it  is  nearly  painless,  and 
no  single  case  of  illness,  much  less  of  hydrophobia,  dne  to  the  prevent- 
ive treatment,  has  occurred  amongst  the  seven  thousand  persons  who 
have  so  for  undergone  the  cure.  nic;iti7idt,Goo<jIc 
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Kow  let  me  pot  before  you  the  aoswer  to  the  qaestion:  la  this  treat- 
ment a  real  coreT  For  this  has  been  doabted  by  persons,  Bome  of 
whom  will,  I  tear,  still  doubt,  or  profess  to  doubt,  and  still  abase  Pasteor 
whatever  is  said  or  done !  From  all  that  can  be  learned  about  the 
matter,  it  appears  pretty  certaio  that  about  fh>m  fifteen  to  twenty  per- 
sons oat  of  every  hundred  bitten  by  mad  dogs  or  cats,  and  not  treated 
by  Pasteur's  method,  develop  the  disease,  for  I  need  scaroely  add  that 
all  other  methods  of  treatment  have  proved  fallacious ;  but  bites  on  tbe 
face  are  mnch  more  dangerous,  the  proportion  of  fatal  cases  reaching 
80  per  cent.  ITow  of  two  thousand  one  hundred  and  sizty-foor  persons 
treated  in  the  Pastenr  Institute,  from  ^ovemt>er  1885,  to  January  1887, 
only  thirty-two  died,  showing  a  mortality  of  1.4  per  cent,  instead  of  16 
to  20,  and  amongst  these  upwards  of  two  thousand  persons,  two  hun- 
dred and  fourteen  bad  been  bitten  on  the  face,  a  class  of  wounds  in 
which,  as  I  have  said,  when  untreated,  the  mortality  is  very  high;  so 
that  the  reduction  in  the  death-rate  seems  more  remarkable,  espeiaally 
when  we  learn  that  in  all  these  cases  the  auimal  inflicting  the  wound 
had  been  proved  to  be  rabid.  The  same  thing  occurs  even  in  a  more 
marked  degree  in  1887  and  1888.  In  1887,  one  thonsand  seven  hnn- 
dred  and  seventy-eight  cases  were  treated  with  a  mortality  of  1.3  per 
cent.,  while  last  year  one  thousand  six  hundred  and  twenty-six  cases 
were  treated,  with  a  mortality  of  1.16  per  ceut.* 

Statistics  of  the  anti-rabic  treatment  in  other  countries  show  similar 
results,  proving  beyond  a  doubt  tbat  the  death-rate  from  hydrophobia 
is  greatly  reduced.  Indeed,  it  may  truly  be  said  that  in  no  case  of 
dangerous  disease,  treated  either  by  medicine  or  surgery,  is  a  core  so 
probable.  Moreover,  in  spite  of  assertions  to  the  contrary,  no  proof 
can  be  given  that  iu  any  single  case  did  death  arise  from  the  treatment 
itself.  And  as  showing  the  safety  of  the  inoculation,  I  may  add  that 
all  Pasteur's  assistants  and  laboratory  workers  have  andergone  the 
treatment,  and  no  case  of  hydrophobia  has  occurred  amongst  them. 

Ton  are  no  doubt  aware  that  Pasteur's  anti-rabic  treatment  has  been 
strongly  opposed  by  certain  persons,  some  of  whom  have  not  scmpled 
to  descend  to  personal  abuse  of  a  vimlent  character  of  those  who  in 
any  way  encouraged  or  supported  Pasteur's  views,  and  all  of  whom 
persistently  deny  that  anything  good  has  come  or  can  come  fmoi 
investigations  of  the  kind.  Such  persons  we  need  neither  fear  nor 
bate.  Their  opposition  is  as  powerless  to  arrest  the  march  of  science 
as  was  King  Canute's  order  to  stop  the  rising  tide.  Only  let  us  rest 
upon  the  sure  basis  of  exactly  ascertained  fact,  and  we  may  safely  defj 
alike  the  vaporings  of  the  sentimentalist,  and  the  wrath  of  the  oppo- 
nent of  scientific  progress.  But  opposition  of -a  much  fairer  character 
has  likewise  to  be  met,  and  it  has  with  propriety  been  asked:  flow 
comes  it  that  Pastenr  is  not  uniformly  successful  t  Why  (if  what  you 
tell  us  is  true)  do  any  deaths  at  all  follow  the  anti-rabic  treataieut  I 


•Foe  fartlier  detaik,  see  Dr.  Buffer,  Bi-il.  Med.  Joum.,  Sept.  21, 1880. 
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Tbe  answer  is  not  far  to  seek.  In  the  first  place,  jnst  as  it  is  not  every 
vaticiDation  which  protects  against  small-pox,  so  Pasteni'a  vaccination 
against  rabies  occaeionally  fails.  Then  again,  Pastear's  treatment  is 
really  a  race  between  a  strong  and  an  attennated  virns.  In  cases  in 
which  the  bite  occurs  near  a  oerve-center,  the  fatal  malady  may  oatstrip 
tbe  Ireatuient  in  this  race  between  life  and  death.  If  the  weakened 
vims  can  act  in  time,  it  means  life.  If  the  strong  Tiros  acts  first,  pre- 
ventioD  comes  too  late, — it  means  death.  So  that  tbe  treatment  is  not 
ilonbtfnl  in  all  cases,  but  only  doabtfal  in  those  which  are  onder  well- 
known  anfavorablo  conditions.  This  it  seems  to  me  is  a  complete 
reply  to  those  who  ignorantly  fancy  that,  because  Pasteur's  treatment 
has  not  cored  every  case,  it  mast  t>e  unreliable  and  worthless. 

One  word  more.  I  have  said  that  Pasteur  is  still — as  be  has  always 
beeu — a  chemist.  How  does  this  fit  in  with  the  ftict  that  his  recent 
researches  seem  to  be  entirely  of  a  biological  character  f  This  is  trne. 
They  seem,  bat  they  really  are  not.  Let  me  in  a  few  sentences  explain 
what  I  mean.  Ton  know  that  yeast  produces  a  peculiar  chemical  sub- 
Btanoe — alcohol.  How  it  does  so  we  can  not  yet  explain,  bnt  the  fact 
remains.  Gradually,  through  Pasteur's  researches,  we  are  coming  to 
Duderstand  that  this  is  not  an  isolated  case,  but  that  the  growth  of 
every  micro-organism  is  productive  of  some  special  chemical  substance, 
aod  that  the  trne  pathogenic  virus — or  the  poison  causing  the  disease — 
is  not  the  microbe  itself,  hut  tbe  chemical  compound  which  it6  growth 
creates.  Here  onco  more  "  to  tbe  solid  ground  of  nature  trusts  the 
man  that  builds  for  aye,"  and  it  is  only  by  experiment  that  these  things 
can  he  learnt 

Let  me  illustrate  this  by  the  most  recent  and  perhaps  the  most  strik- 
ing example  we  know  of.  The  disease  of  diphtheria  is-accompanied  by 
a  peculiar  microbe,  which  however  only  grows  outside,  as  it  were,  of 
the  body,  bnt  death  often  lakes  place  with  frightful  rapidity.  This 
takes  place  not  by  any  action  of  the  microbe  itself,  bnt  by  simple  poi- 
soning dae  to  the  products  of  the  .growiog  organism,  which  penetrate 
into  the  system,  although  the  microbe  does  not.  This  diphtheritic 
Bacillm  can  be  cultivated,  and  the  chemical  poison  which  it  produces 
can  be  completely  separated  by  filtration  fl-om  the  microbe  itself,  just 
aa  alcohol  can  be  separated  from  the  yeast  granules.  If  this  be  done, 
and  one  drop  of  this  pellucid  liquid  given  to  an  animal,  that  animal 
(lira  with  all  the  well-known  symptoms  of  the  disease.  This,  and  sim- 
ilar experiments  made  with  the  microbes  of  other  diseases,  lead  to  the 
conclusion  that  in  infectious  maladies  the  caaso  of  death  is  poisoning 
by  a  distinct  chemical  compound,  tbe  microbe  being  not  only  tbe  means 
of  spreading  the  infection,  bnt  also  the  manufacturer  of  tbe  poison. 
But  more  than  this,  it  has  lately  been  proved  that  a  small  dose  of  these 
soluble  chemical  poisons  confers  immunity.  Tf  the  poison  be  adminis- 
tered in  such  a  mannerastoavoid  speedy  poisoning,  but  so  as  gradually 
to  accustom  the  animal  to  its  presence,  the  creature  becomes  not  only 
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refractory  to  toxic  doses  of  the  potsou,  bat  also  even  to  the  mioobe 
itself.  So  that  instead  of  introdacing  the  micro-orgaoism  itself  into 
the  body,  it  may  now  only  be  necessary  to  vaccinate  with  a  chemical 
sabstauce  vhich  in  large  doses  brings  about  the  disease,  bat  in  small 
ones  confers  immnDity  from  it,  remindiDg  one  of  Hahnemann's  dictam 
of  "  Similia  similibns  cnrsntDT." 

Here  then  we  are  once  more  on  chemical  ground.  Tme,  on  gronnd 
which  is  ftaU  of  nnexplained  wonders,  which  however  depend  on  laws 
we  are  at  least  in  part  acquainted  with,  so  that  we  may  in  good  heart 
undertake  their  investigation,  and  look  forward  to  the  time  when 
knowledge  will  take  the  place  of  wonder. 

In  conclnsiou,  I  feel  that  some  sort  of  apology  is  needed  in  tbos 
bringing  a  rather  serions  piece  of  basioess  before  yon  on  this  oooaaioa. 
Still  I  hope  for  yonr  forgiveness,  as  my  motive  has  been  to  explain  to 
yon  as  clearly  as  I  oonld  the  life-work  of  a  chemist  who  has  in  my 
opinion  conferred  benefits  as  yet  antold  and  perhaps  anexampled  on 
mankind,  and  I  may  be  allowed  to  dose  my  discourse  witb  the  noble 
words  of  oor  hero  siwken  at  the  opeoiog  of  the  Pasteur  Institate  in 
the  presence  of  the  President  of  the  French  Repoblio: 

"Two  adverse  laws  seem  to  me  now  iu  contest  One  law  of  Wood 
and  death,  opening  out  each  day  new  modes  of  destructio'o,  forces 
nations  to  be  always  ready  for  the  battle-field.  The  other  a  law  of 
peace,  of  work,  of  safety,  whose  only  study  is  to  deliver  man  fh>m  the 
calamities  which  beset  him. 

"The  one  seeks  only  violent  conquests.  The  other  only  the  relief  of 
humanity.  The  one  places  a  single  life  above  all  victories.  The  other 
sacrifices  the  lives  of  hundreds  of  thousands  to  the  ambition  of  a  single 
individnid.  The  law  of  which  we  are  the  instruments,  strives  even 
through  the  carnage  to  cure  the  bloody  wounds  caused  by  this  law  of 
war.  Treatment  by  our  antiseptic  methods  may  preserve  tboosanda 
of  soldiers. 

"Which  of  these  two  laws  will  .prevail  over  the  other?  God  only 
knows.  Bnt  of  this  we  may  be  sure,  that  science  in  obeying  this  law 
of  humanity  will  always  labor  to  enlarge  the  ftoutiers  of  Ufa" 
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HEHOIB  OF  HEINBICH  LEBBKEOHT  FLEISOHEB.* 


By  Pbof.  a.  MOixee,  Ph.  D. 
TnDBlated  by  Uim  HsKKiETrA  Szold. 


Were  it  desirable  to  single  oat  the  rarest  aod  most  admirable  among 
the  man;  fine  qualities  of  tlie  great  and  good  scholar  to  whose  memory 
these  linea  are  devoted,  I  should  Dot  hesitate  to  oame  the  perfect  self- 
denial  which  at  tdl  times  prompted  him  to  place  his  nnparallelled  attaio- 
tnentB  at  thedisposal  of  others.  Among  German  orientalists  {if  Assyrio- 
logists  be  excepted),  few  will  be  fonnd  who  have  not  profited  by  his  nn- 
sel&ghness ;  and  abroad  likewise  there  are  many  who  are  similarly  in- 
debted. '  We  all  knew  where  to  seek  when  our  meager  stores  were  on  the 
point  of  giving  ont,  and  we  stood  in  need  of  the  gifts  with  which  his  treaa- 
ure-boaseswereabandantly  filled.  Indispensingthesetogreat  and  small, 
he  was  nntiring,  generous,  and  impartial  as  Qod's  sua  which  shines 
opoQ  the  jast  and  the  unjust  alike.  More  than  a  year  has  passed  since 
his  hand  has  grown  namb  and  his  eye  dim,  but  where  do  they  linger 
who  should  have  hastened  to  his  grave,  and  wreathed  with  tributes  of 
gratitude  the  hillock  which  natare,  slow  though  her  processes  are,  has 
twine  decked  with  fresh  verdure  T  I  blame,  I  accuse  no  one.  Many  a 
Bhrinking  soul  hides  its  gratitude  in  reverential  silence  rather  than  pa- 
rade fine  and  tender  feelings  in  the  market-place.  Doubtless  there  are 
others  who  reluctantly  find  themselves  forced  by  the  cares  of  existence, 
by  daily  new  bnrthensome  tasks,  to  deny  themselves  the  fulfillment  of  a 
warmly  cherished  desire.  And  most  probably  there  are  still  others, 
here  and  there,  who,  like  the  writer  of  these  words,  are  even  now,  after 
DQavoidable  delay,  on  the  point  of  paying  the  long-planned  tribute  of 
piety.  Nevertheless  it  remains  a  sad  fact  that,  with  the  exception  of 
the  somewhat  business-like  though  not  unsympathetic  announcements 
of  the  French  Institute  and  of  the  Bavarian  Academy,  the  brief  remarks, 
accompanying  an  excellent  portrait  of  Fleischer  in  the  Leipzig  lUuitrirte 
Zeitung,  an  article  in  the  New  York  Times,  and  a  t>arren  notice  in  the 
London  AtSienanm,  only  two  attempts  have  up  to  this  time  beeu  made 
to  i^ve  adequate  and  becoming  treatment  to  the  work  of  this  distin- 
gnisbed  scholar:  Thorbccke's  sketch  in  the  Jonrnal  of  the  German 

*Fn>Di  BezMnberger'a  BtitrUgtznT  Kmidederi»dogwnanUekm  Spraelm,  OSttiugOD, 
1689,T0l.  XT,  pp.  319-337.  ,,  . 
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Orieotal  Society,  and  the  more  extended  memorial  address  by  Goldziher 
before  the  HaDgarian  Academy.  Iiideed  it  will  ever  be  hamiliating  to 
Qerman  orieDtalista,  that  although  more  than  a  year  has  elapsed  aioce 
Fleischer's  death,  the  only  searching  analyms  pnblisfaed  of  bis  great 
activity  as  a  scholar  and  a  teacher  (and  snoh  Goldzibei's*  easay  ob 
viously  ia),  has  beea  writtcD  by  an  HnDgariao  in  his  native  langnage, 
with  which  no  one  of  as  is  cooversaut. 

In  £act,  the  number  ia  not  very  great  of  those  who  may  withont  pre- 
samption  andertake  an  exhaustive  treatment  of  the  life  of  so  distis- 
gttished  a  scholar.  I  am  far  fh>m  conotiag  myself  among  that  nnmber, 
bat  I  believe  I  have  learned  enough  to  enable  me  to  appreciate  to  a 
certain  extent  the  great  ability  of  him  who  acquired  such  vast  learning 
by  means  of  his  own  exertions ;  and  I  trust  I  have  sutBcient  judg- 
ment to  designate  at  least  approximately  the  rank  and  position  due 
my  deceased  teacher  in  the  history  of  onr  science.  Precisely  here 
I  can  not  permit  the  motive  of  modesty  to  hinder  me  from  attempt- 
ing this  task,  for  the  reader  who  is  interested  in  tbe  science  of  Indo- 
Enropean  languages  may  jnstly  wish  to  gain  an  idea  of  the  general  atti- 
tude of  a  scholar  whose  investigations  border  npon  his  own  sphere. 
That  my  task  also  involves  the  duty  of  pointing  out  tbe  natoral  limita- 
tions of  bis  activity  shall  not  hinder  me  from  carrying  out  my  intention. 
Kext  to  nnselBahness,  Fleischer's  most  prominent  trait  as  a  scboliir 
was  his  love  of  trnth.  He  himself  would  be  the  first  to  censure  me  if 
I  were  to  sketch  his  personality  in  white  on  a  white  back-ground,  ac- 
cording to  the  latest  lashion  among  painters.  Admiration  without  criti- 
cism ia  valueless.  .  If,  feeling  tbe  former,  I  venture  to  use  tbe  latter,  no 
one  may  charge  me  with  presumptuoasnesa.  He  ia  a  poor  master  who 
trains  disciples  bereftof  tbe  critical  faculty;  a  poor  disciple  he  who 
leans  unquestioningly  upon  the  authority  of  even  a  deeply-revered 
master.  I  must  however  refrain  fh)m  giving  a  detailed  description  of 
the  purely  human  side  of  his  being  and  life,  incomplete  though  his  pic- 
tnre  will  thus  remain.  I  consider  it  improper  to  forestall  a  full  preseu- 
tation  by  one  more  qaalified  for  this  task,  who  can  base  his  assertions 
a|H>n  intimate  acquaintance  with  all  the  incidents  and  relations  of  hia 
private  life.  I  shall  confine  myself  to  outlines,  the  data  for  which  I 
owe  to  the  kindneae  of  Prof.  Dr.  Curt  Fleischer,  of  Meissen.  They  thus 
may  claim  reliability  on  those  points  in  which  they  disagree  with  state- 
ments published  elsewhere. 

Heinricti  Leberecht  Fleischer  was  bom  at  Scbandan  on  February  'Jl, 
1801.  His  father,  Johanu  Gottfried  Fleischer,  an  officer  in  the  cnstom- 
acrvice,  died  at  the  age  of  eighty-nine,  on  August  24,  1S60,  at  PiniD, 
enjoying  at  that  time  a  pension  as  inspector  of  customs.  His  mother, 
whom  he  lost  as  early  as  August  10,  1825,  was  the  daughter  of  tbe 

* EmMkbeBz^d  Fleisoher  Leberecht  Henrik  a  M.  Tnd.  AkatliSiDia  hUltORift  feMt. 
OoldEiber  Ignict  {»  Magj.  Tnd.  Ak.  elhiiiiyt  ta^ai  folott  tarttot  emMkbaaMsfc. 
Vkot.  4.  nim).    Biidai>est,  M.  T.  Ak.,  1889,  44  p.,  8. 
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puiBb  aoboolmaster  Unrab,  at  Prietitz,  near  Falauitz.  At  SobaDdaa 
the  boy  atteaded  tbe  public  school,  wbere  his  talents  sooa  attracted 
the  atteotiou  of  the  principal,  Edelmann,  vbo  andertook  to  teach  yoang 
Fleischer  the  elements  of  Latin.  Thus  his  father  was  enabled  to  enter 
him  in  1814,  as  a  student  at  the  bigh-sohool  in  Baatzen,  where  he  re- 
maiDed  nntil  1819.  Here  be  was  iostracted  Id  Hebrew,  thus  for  the 
first  time  coming  iu  contact  with  the  Orient.  When  next  be  became 
interested  lu  an  Eastern  sobjecC  it  was  by  chance,  and  it  decided  his 
whole  fnture  career.  He  accidentally  foand  among  the  wrapping'pa|>er 
ofacbeese-dealerat  market  sheets  of  an  Arabic  grammar,  to  the  stmly 
ot  which  he  at  once  applied  himself.  He  became  so  deeply  interested  that 
when  be  eotered  npon  Uis  coarse  in  the  University  of  Leipzig  at  Easter, 
1S19,  he  not  only  did  not  neglect  bis  theological  pnrsnits,  uor  fail  to 
^erote  himtelf  ander  the  gnidance  of  Gottfried  Hermann  to  classical 
Btadies,  but  be  also  iudnlged  his  love  for  Orieutalia.  In  fact,  after  hav- 
ing |)assed  with  distinction  a  theological  examination,  be  spent  one  more 
year  in  the  ezclnsive  stndy  of  Oriental  langaages.  He  soon  arrived  at 
the  conviction  that  it  was  necessary  for  him  to  be  at  Paris  with  De  Sacy. 
By  the  assistance  of  a  yonng  French  merchant  named  Bernard,  with 
whom  be  bad  become  acqntunted,  be  succeeded  iu  obtaining  a  position 
u  tutor  in  the  honaehold  of  Moos,  de  Gaalaincourt  (under  Najwleon 
Dake  of  Vicenza).  On  March  4,  he  received  bis  degree,  and  on  April  18, 
he  began  bis  journey  to  Paris.  For  one  year  and  a  half  he  was  in  Canl- 
ainconrt's  honse.  Later  he  lived  alone,  eamiug  a  livelihood  by  giving 
private  lessons.  But  daring  the  whole  time  be  was  zealonsly  occupied 
with  his  studies  ander  De  Sacy,  paying  particular  attention  to  Arabic, 
Persian,  and  Turkish.  The  impression  made  n|>on  him  by  the  great 
French  savant  was  never  obliterated, — neither  by  the  work,  nor  the  sac- 
cess,  nor  the  honors  with  which  bis  long  life  was  replete.  He  continued 
to  pay  the  tribute  of  love  and  esteem  to  his  master  long  a^r  he  himself 
had  come  to  belooked  upon  as  the  master  Arabist.  At  the  same  time  he 
made  diligent  nse  of  the  valuable  manuscripts  in  the  library.  Thas, 
the  first  essay  published  by  him  was  a  review,  in  the  Journal  Aaiatique 
of  1S27,  of  the  first  volume  of  Habioht's  edition  of  the  Thousand  and 
One  Nights,  based  upon  Oalland's  manascript.  His  editions  of  Abul- 
feda  and  Beidhawi,  aa  well  as  the  essay,  De  gloasis  Stdncktianitf  all  pub- 
lished later  on,  are  also  proofs  of  his  industry  in  gathering  material 
while  at  Pana.  At  the  same  time  be  sought  the  society  of  Orientals, 
especially  of  two  Egyptians,  a  Mohammedan — Bef&'a,aDd  a  Christian — 
Ayd^,  both  mentioae<)  honoris  cauaa  in  the  above-named  essay.  Al- 
Uiongh  the  article  in  the  Journal  Asiatique  shows  that  he  was  a  ripe 
acboUr  at  that  time,  be  continued  to  devote  himself  after  his  return,  in 
IKS,  to  private  study,  partly  at  his  own  home  and  partly  at  Dresden, 
where  he  catalogued  the  Arabic,  Persian,  and  Turkish  mannscripts  in 
the  royal  library.  The  catalogue  was  published  at  Leipzig  in  1831 ; 
likewise,  bis  edition  ami  traualatiou  of  Abulfeda's  Historia  ante-Ulamioa. 
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Botl)  pabtioations  proved  that  he  had  reached  the  goal  wtaidi  he  had 
been  parsaing  dariDg  a  twelve  years'  preparatory  period,  entwlingooD- 
staDt  bard  work  and  maQifold  saoriflces.  In  the  preface  to  Abolfeda 
be  deplores  the  fewoeaa  of  hJs  notes,  and  craves  indnlgenoe  forbineelf 
oil  the  plea  of  being  a  Aomo  lectionupauca,fitentori(Epauciorw,otupa%- 
cissimi.  But  the  character  of  bis  work  is  sncb  as  to  invalidate  all  bat 
the  last  of  the  three  excuses.  Meantime  be  had  accepted  in  1831,  a 
position  as  teacher  iu  the  Krenz  bigh-scliool  at  Dresden.  Here  he  re- 
mained nutil  1835,  when,  the  above-mentioned  works  having  spread  his 
fame,  he  was  offered  a  professorship  at  St.  Petersburg,  later  filled  by 
Dom.  He  wassbont  to  leave  for  Bassia,  when,  in  the  nick  of  time,  the 
offer  of  a  full  professorship  of  Oriental  languages,  at  bia  own  nniversit; 
of  Leipzig,  reached  him.  He  was  elected  on  October  19, 1835,  bntdid 
not  enter  npon  the  duties  of  his  position  ontil  Easter,  1836.  At  first 
he  was  considered  a  member  of  the  theological  faculty,  bat  eariy  intbe 
next  decade  he  was  permitted,  after  active  agitation  on  bis  own  part,  to 
pass  over  to  the  philosophical  faculty.  On  September  27, 1836,  he  mar- 
ried Ernestine  Hatbilde  Jassiug,  of  Bantzen,  the  daughter  of  Friedrich 
Leberecht  JSssing,  retired  brigade  judge  of  the  royal  Saxon  service, 
who  lived  at  that  time  in  Dresden.  He  wiis  permitted  to  celebrate,  with 
his  faithful  and  affectionate  wife,  who  still  survives,  the  fiftieth  auni- 
rersary  of  his  wedding-day,  and  was  blessed  with  the  joy — marred  only 
by  the  deatb  of  tbeir  eldest  daughter — of  seeing  their  children  occupy 
]H)sitions  of  honor  in  the  community.  Not  less  bappy  was  his  domestic 
tile,  than  were  his  official  and  scientific  undertakings.  When,  id 
1846,  the  Boyal  Saxon  SoientiflcSociety  was  founded,  be  at  once  becanie 
an  active  member.  In  1855,  he  became  its  assistant  aecretary,  and  later, 
secretary  in  chief,  a  position  which  he  filled  with  his  cnstomary  scrapn- 
loasness  antil  1883.  Iu  1860,  be  received  an  honorable  call  fh>m  Berlin. 
He  refused  the  offer,  remaining  faithful  to  his  native  land  until  his 
death. 

When  Fleischer  entered  upon  his  professorship  in  Leipzig,  in  1836, 
Arabio-Mobammedan  stndies  bad  begun  to  flonrish  in  all  parts  of  Oer- 
iiiaoy.  Between  1819  and  1829  there  had  been  published  five  of  the 
Mo'allaqdt,  with  the  scholia  of  Zanzan!,  by  Kosegarten,  Heogstenliert;, 
Boseumiitler,  and  Yullers;  in  1828,  the  text  of  the  ffamdaa,  by  Freytai:; 
between  1825  and  1831,  the  first  six  volumes  of  Habicbt's  Tlioa$aiii1 
and  One  Nights;  and  iu  1828,  Eosegarten's  CAre*(o«af&y;  Frrvtac'R 
Arabic  Poetics  ^1830),  and  the  first  volume  of  his  great  leziooii  (I83U), 
as  well  as  the  beginning  of  Ewald's  Qrammatica  eritica  (1831),  bad  es- 
tablished the  principle  that  the  edition  of  texts  shonld  be  prepami 
with  dne  regard  to  the  laws  of  the  language.  Meantime  another  0«r- 
man  scholar — Frahn,  in  the  service  of  the  Bussian  Government,  by  his 
Reoengio  (1826),  had  laid  a  scientific  foandation  for  Islamic  numismatics. 
Dorn  was  beginning  to  assist  the  Petersbni^  investigator,  and  Hamnier- 
Pnrgstall,  unflagging,  cootinned  his  magnificent  work  at  Vienna.    Ttie 
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laa^lIleDtioned  sohoUra  prore  that  the  increased  interest  in  Arabic 
rabjeots  can  Dot  be  traced  entirely  to  ontward  cansea,  but  sbonld  be 
eoDDOcted  with  the  renascence  io  Germany  or  philological  stndiea  from 
an  historical  point  of  view.  On  the  other  band,  tbe  efforts  of  the  first 
Bet  of  scholars  depend  eotirely  upon  the  work  of  De  Sacy,  wbo  bad 
been  the  teacher  of  Eosegarten  and  Freytag,  and  indirectly  through 
the  latter,  also  of  Vnllers  and  Hengstenberg.  Even  Ewald,  inde- 
pendent though  he  was,  and  striving  to  master  for  linguistic  purposes, 
the  material  bequeathed  by  Arabian  grammarians,  had  to  lean  apon 
De  Sacy  in  the  development  of  the  main  features  of  his  plan. 

The  times  have  been  when  it  was  customary,  if  not  with  Fleischer 
himself,  at  any  rate  with  a  few  of  his  disciples,  to  treat  somewhat  con- 
temptnously  the  efforts  of  men  like  Freytag  and  Hammer-Pnrgstall  In 
beh»lf  of  Arabic  philology.  I  myself  must  confess  to  the  youthful  folly 
of  having,  in  my  first  very  imperfect  essay,  spokeu  of  Hammer  in  a  way 
which  even  vivid  remembrance  of  Ahlwardt's  Ohalaf  could  not  ezcnse, 
certainly  not  justify.  Deservedly,  I  was  at  once  reproved  by  a  more 
Benuble  fellow-worker.*  Freytag  was alsojudged unkindly, though  per- 
haps not  with  eqaal  severity.  Even  tbe  numberless  corrections  which 
had  to  be  mtide  io  his  lexicon,  and  will  of  necessity  ever  continue  to  be 
made,  cannotalterthe  fact  thatitwasanemineut  performance  at  thetime 
of  iu  compilation,  and  still  remains  an  exceedingly  usefnl  work.  Nat- 
Qially,  neither  Hammer  nor  Freytag,  neither  Eosegarten  nor  Vullers 
can  bear  comparison  with  the  master  mind  at  Paris.  The  last  three  are 
docile  disciples,  who  praiseworthy  for  iudustry,  aud  estimable  for  at. 
tUDmenta,  do  no  more  than  follow  in  the  footsteps  of  their  master,  with- 
out reaching  him,  even  iu  their  happiest  moments.  Hammer,  on  the 
otiierhand,  was  never  more  than  a  highly  gifteddilettantejWhosedesire 
for  novelties  stifled  the  faculty  of  maturing  ideas.  His  capacity  for 
Tork  was  nnbonnded ;  its  results  howeverlaid  down  in  numerous  volumes, 
but  apparently  solve  tbe  vast  problems  of  history  and  literature.  On 
big  bold  excursions,  he  often  paved  the  v»y  to  fields  hitherto  inaccessi- 
ble, but  keenly  discovered  by  bim  to  be  worthy  of  cultivation.  It  will 
always  remain  his  distinction  that  be  made  it  possible  for  ns  to  gain  a 
bird's-eye  view  over  such  fields,  and  cursory  though  it  was,  it  is  still 
valuable  on  all  points  in  which  detailed  research  has  not  replaced  bis 
saperficial  statements  by  more  reliable  data.  Heuce  it  is  not  astonish- 
ing that  the  Vienna  Orientalist  enjoyed  undisputed  fame  and  exerted 
great  influence  in  the  first  third  of  this  century.  Thus  the  danger  was 
imminent,  that  his  virtues  being  inseparable  IVom  his  personality,  his 
papilsand  imitators  might  after  bis  death  seize  only  upon  bis  weak 
IKHnts  and  develop  them  into  a  radically  false  and  highly  dangerous 
tystein.  It  is  donbtfnt  whether  any  of  the  German  representatives  of 
DeSacy  would  have  been  able  successfully  to  combat  this  method.  De- 
spite their  merits,  not  one  of  the  investigators  named  was  distinguished 
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by  that  oombin&tioD  of  wide  knowledge  sod  pbilologieal  accaracy  which 
had  marked  De  Sacy's  work,  aDd  wbioh — in  case  his  death  occarred  as 
early  as  was  feared,*  would  have  to  be  the  characteristics  of  a  snccessor, 
whose  iuflaeuce  was  toconoteract  Hammer's.  Kosegarten  approached 
this  ideal  most  closely,  ouless  we  except  Rodiger,  who  if  not  totally  io- 
dependeut  of  De  Saoy,  had  at  least  not  been  traiueil  in  his  school.  Bnt 
neither  devoted  himself  exclasirely  to  Arabio>  Mohammedan  philology; 
and  the  same  objection,  to  a  still  stronger  degree,  holds  of  Riickert, 
whose  interests  were  chiefly  jhwUc  Thas  it  was  Fleischer  alone  ia 
whom  the  ideal  was  fally  realized.  To  liim  therefore  natorally  fell  the 
task  of  placing  our  science  apon  the  same  eminence  in  Germany  that 
it  had  occupied  under  De  Sacy  in  France, — a  task  rendered  difficult  b; 
the  necessity  of  guiding  it  so  that  it  might  permanently  be  rescued  Dora 
the  crooked  i>atb  into  which  it  might  have  been  forced  onder  Hammer'a 
influence. 

Icisimjiossible  for  mo  to  judge  whether  Fleischer,  at  the  time  of  en- 
tering apon  the  daties  of  his  Leipzig  professorship,  had  conceived  his 
mission  aa  clearly  as  we  can  now  formulate  it  after  its  accomplish- 
meut.  .  At  all  events,  the  two  essays  with  which  he  introduced  himself 
npoD  the  arena  of  his  future  successes  seems  to  bear  unequivocal  signs 
that  this  was  his  conscious  goal.  When  he  was  no  more  than  "  Pro- 
fessor-elect of  Oriental  languages  at  the  University  of  Leipzig,"  he  pub- 
lished, while  at  Dresden,  bis  translation  of  Zamacbsbari's  Qolden  NecJc- 
locM,  with  a  preface  and  notes,  containing  a  sharp  attack  on  Hammer's 
editiou  and  translation  of  the  same  text.  Almost  at  the  same  time  be 
reviewed  Habicht's  glosses,  in  which  there  is  surely  no  lack  of  grave 
mistakes.  In  this  last  review  bis  tone  was  the  mildest  imaginable, 
aud  later,  even  when  dealing  with  bunglers  of  the  worst  sort,  he  never 
became  vehement.  If  then  in  opposing  Hammer  he  made  use  of  more 
violent  language,  he  mast  have  been  actuated  by  serious  and  far-reach- 
ing considerations.  In  fact,  he  states  them  at  the  beginning  of  the 
preface  in  these  words:  "  If  highly  esteemed  scholars  in  possessioB  of 
every  facility,  at  a  time  when  science  has  reached  its  manhood,  give 
thoroughly  useless  work  to  the  world,  what  should  be  the  attitude  of 
criticism  1  It  is  our  opinion  that  its  sharpest  weapons  should  be  di- 
rected against  such  abuses,  and  in  this  case  it  should  combateven  such 
as  are  really  beneath  criticism,  in  order  that  tlieir  becoming  contagions 
may  be  prevented."  The  man,  comparatively  speaking  a  novice,  wlio 
thus  met  a  scholar,  universally  looked  upon  as  the  most  eminent  orien- 
talist in  Germany,  mnst  have  felt  the  assurance  of  victory.  The  con- 
tents of  bis  essay  jastified  his  bold  language,  and  a  stiil  further  jiisttfl- 
cation  was  furnished  by  his  Dissertatio  eritioa  de  glossis  ^abichtianil 
in  qaatuor  priores  tomos  MI  nocttuni,  which  appeared  in  the  following 
year  (1S36),  on  the  occasion  of  his  entering  upon  the  duties  of  his  cbsir. 
Un  account  of  the  minutiie  of  medieval  Muslim  life  described,  tbe 
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"Arabian  Kigbts,"  reqaire  complete  mastery  of  tbe  wliole  donaain  of 
Arabic- Hobammedan  life,  for  a  tborough  aodereiaudiug  of  ail  tbe 
difficulties  tbat  grow  oat  of  tbe  lauguage  and  tbe  subject-matter.  Of 
this  mastery  the  essay  testifies  abundantly,  aa  it  does  of  tbe  unerriDg 
philological  tact  of  the  critic,  wbose  emendatioDS  by  no  means  are  tbe 
happy  BQggestioDs  of  an  iageniouB  mind,  but  ratber  tbe  resnlts  of  wide 
bngnistio  and  historical  knowledge,  and  of  intimate  acquaintance  with 
the  habits  of  copyists  and  tbe  manner  of  transmitting  manuscripts. 

For  obvioas  reasons,  it  is  not  easy — and  so  far  as  I  am  concerned  it 
U  at  this  moment  not  possible — to  trace  the  impression  made  by  the 
two  essays  wbeu  first  publishet) ;  bat  their  success  shows  that  it  mnst 
have  been  deep  and  lasting.  The  same  complete  mastery  of  tbe  sub- 
ject is  displayed  by  Fleischer's  next  works:  Ali^a  One  Mundred  Proverbs 
(1837),  a  description  of  tbe  Arabic ,  Persian,  and  Turkish  manuscripts 
ID  tbe  Catalogu*  Librorum  MSS.  Bibl.  Ctvit.  lApaiensU  {1838),  and  tbe 
completion  of  Habicht'a  edition  of  tbe  Arabian  Nights  (vols,  iz-zii, 
1312-'43).  Bat  the  character  of  tbe  subjects  treated  in  these  wor^s  was 
not  calculated  to  confer  controlling  influence  upon  them.  Likewise  his 
edition  in  1847  of  Mirza  Uohammed  Ibrahim's  Grammar  of  the  modem 
Pertian  Language  (2d  edition,  1876),  merely  strengthened  the  impression 
derived  from  Ali't  Proverbs,  that  this  scholar  had  as  wide  an  acqaain- 
tance  with  Persian  as  with  Arabic  Thus,  directly  or  indirectly,  it 
mast  be  due  to  these  two  short  essays  that  Fleischer,  as  early  as  the 
fourth  decade  of  this  century,  was  freely  acknowledged  by  all,  except- 
ing perhaps  the  immediate  followers  of  Qammer,  as  the  chief  of  Ger- 
man orientalists.  In  fact,  from  that  time  on  for  a  period  of  nearly  half 
a  century,  be  became  the  chosen  guide  of  all  Germans  and  many 
foreigners,  desirous  of  thornugh  disciplining  in  Arabic- Mohammedan 
philology.  The  impression  created  by  these  two  works  was  so  strong, 
because  they  are  an  exemplification  of  tbe  true  philological  method  for 
which  the  Germans,  after  tbe  death  of  Beiske,  the  vir  incomparabitis, 
ODce  more  bad  to  resort  to  the  Frenchman  De  Sacy, — a  method  which 
is  nothing  less  than  tbe  use  of  common  sense,  coupled  on  the  one  baud 
with  faithful,  untiring  eflforts  to  attain  to  tbe  greatest  possible  complete- 
ness and  to  scrnpulous  accuracy  in  tbe  collecting  and  sifting  of  tbe 
material  banded  down  to  as,  and  forbidding,  on  theother  band,  all  ar- 
hitrariness,  however  ingenious,  as  well  as  all  superficiality,  however 
grandiose.  This  definition  by  no  means  puts  an  interdict  opon  clever- 
ness on  the  part  of  the  philologist  thus  gifted.  It  merely  provides  tbat 
cleverness  must  manifest  itselfin  mastering  tbe  details  acquired,  not  in 
apeciously  biding  the  imperfections  of  scientific  research  and  then  sat- 
isfying one's  conscience  bya  perfnnctory  though  minute  adherence  to  a 
traditional  tbetbod.  That  Fleischer  realized  in  himself  this  ideal  of  a 
philologist  perhaps  best  marks  hia  importance  in  tbe  history  of  science ; 
his  example  as  well  as  his  precept  have  made  it  possible  for  all  to  gain  a 
knowledge  of  the  correct  method  to  be  used  in  onr  department  of  ,re- 
B.ma.2U 33  .  C.OO^Ic 
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search.  Many  of  th«  most  promiueDt  sohotars  of  the  present  day  hare 
in  other  vays  arrired  at  a  knowledge  of  this  method,  or  have  been  in- 
tuitively gifted  with  it,  but  ite  spread  to  extended  circles  we  owe  to 
Fleischer,  and  to  him  alone. 

His  disincUnatiou  to  treat  philological  eabjects  according  to  nmtine 
methods  was  shown  by  Fleischer  in  his  edition  of  Budhawi'B  Goran  com- 
mentary, which  completed  his  fame,  and  which,  in  a  way  is  to  be  con- 
sidered the  most  important  work  of  his  lifia.  He,  Gottfried  Hermann's 
disciple,  who  surely  knew  what  elements  oonstitute  a  "  methodical" 
edition  of  a  work,  published  this  volnminous  and  difficult  text  with- 
out any  variant  readings.  I  have  elsewhere*  shown  what  consider- 
ations, in  my  opinion,  justly  led  him  to  adopt  a  system  unusual 
even  with  himself.  The  character  of  a  Coran  commentary  is,  in  every 
respect,  technical.  He  who  wonld  nnderstand  and  edit  it  must  first 
have  extensive  and  detailed  acquaintance  with  the  contents  and  techni- 
cal peculiarities  of  the  theological,  juridical,  and  grammatical  system 
of  the  Islam.  But  so  enviable  a  scholar,  aided  by  all  available  manu- 
scripts and  super-commentaries,  certainly  has  the  ability  in  every  case 
to  select  the  correct  reading;  and  superfluous  readings  serve  but  to 
confuse  less  learned  readers.  The  responsibility  incurred  by  an  editor 
who  takes  it  upon  himself  to  omit  customary  technicalities  is  propor- 
tionately great  Bat  whoever  heard  Fieiescher  himself  interpret  his 
own  Beidhawi  a  single  time,  was  forever  delivered  from  all  uneasiness 
on  the  score  of  bis  power  to  meet  snch  responsibility.  This  edition  is 
natnrally  not  purged  of  every  human  imperfection.  Fleischer  himself 
in  a   lecture  on  one  occasion,  expressed  his  vexation  that  after  the 

feminine  jj  ^Jj^    the   expression  '^  ^j,s*— J  instead   of  the  correct 

word  ^         \  had  escaped  him.     (^.Fell's  Index,p.67.)    But  such 

instances  assuredly  are  not  numerous.  On  another  occasion  he  related 
that  a  copy  of  his  book — (I  no  longer  remember  how  and  when) — had 
been  submitted  to  the  Sbeikb-ul-Islam  at  Constantinople,  and  that  the 
latter  had  considered  it  beneath  bis  dignity  to  throw  even  a  superficial 
glance  at  an  ignorant  infidel's  disfigurement  of  the  classical  work  of 
Mohammedan  theology.  Finally  however  he  had  opened  it  and 
glanced  at  a  few  lines ;  then,  amazed  had  eagerly  continued  to  read, 
at  IsHt  giving  expression  to  his  astonishment  that,  in  the  Occident,  there 
conld  exist  a  man  who  apparently  understood  Beidhawi  as  well  aaan 
orthodox  doctor.  I  quote  these  remarks  of  Fleischer,  which  I  heard 
myself,  since  I  should  consider  it  presumption  were  I  to  praise  his 
Beidhawi.  He  only  has  the  privilege  of  doing  this  who  is  so  well 
versed  in  Muslim  theology,  that  he  might  on  a  proper  occasion,  criticise 
it.    Whether  there  are — outside  of  the  Orient — a  half-dozen  acboian 

'  Bolting,  gtlthrte.  Jmeigm.  1684,  No.  84,  )i.  961. 
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who  may  venture  to  make  this  assertioa  is  doabtfal ;  at  all  dveots,  I  do 
not  reckon  myself  among  tbem. 

Aside  from  a  small  editiou  of  the  Hermes  trismegutusy  written  in  1870, 
on  a  special  occasion,  Beidbsvi  is  the  last  work  published  by  Fleischer 
without  aseistauce.  Even  Beidhawi  was  not  complete  when  it  left  the 
hands  of  the  pnblisher.  For  years  the  Indiee«  weighed  heavily  upon 
his  Goosctentions  mind,  until  finally  in  1878,  they  were  brought  out  by 
the  helpful  aid  of  Fell.  With  rafereoceto  this  unusual  delay,  Fleischer 
said  in  the  preface  with  which  he  iutroduces  his  pnpil's  work :  "  Qui 
»e  rexque  meat  itorunt,  eoa  me  ultro  ezcugatum  habere  «cio,*'  and  bis  mean- 
ing was  evident  to  all.  During  the  period  while  be  was  busy  with  the 
Beidhawi  text,  tbe  claims  made  upon  him  from  all  sides  had  increaaeil 
with  his  growing  fame.  These  claims  were  pat  forth  chiefly  by  three 
parties:  his  pupils,  his  co-laborers,  and  the  community  at  large.  His 
manner  of  satisfying  them  illustrates  the  most  admirable  traits  in  his 
character:  extreme  conscientiousness,  faitbfnl  attention  to  tbe  slightest 
details,  affability  and  absolute  nnselflshness. 

His  conscientiousness  and  faithfulness  were  preeminently  evinced  in 
his  academic  labors,  as  I  can  testify  from  personal  experience  in  the 
years  1867  and  1868.  He  knew  Beidhawi  thoroughly;  daily,  at  any 
chance  occasion,  he  excited  admiration  by  his  clear  explanation  of  the 
doctrines  of  Mohammedan  scholasticism,  or  by  his  equally  correct  way 
of  tracing  tbe  history  of  a  word  and  its  development  in  meaning  from 
tbe  Arabic  through  tbe  Persian  to  tbe  Turkish, — all  this  without  refer- 
ring, except  in  rare  instances,  to  his  int«r-leaved  copy  of  Froytag, 
&monB  on  account  of  it«  marginal  notes,  literally  covering  the  text  as 
well  as  the  iuter-Ieaves.  Yet  he  never  lectured  on  Beidhawi  without 
preparation.  His  students,  coming  to  attend  a  lecture  at  bis  study 
early  in  the  morning,  &eqaently  fonnd  him  standing  by  a  high  desk, 
the  text  and  a  copy  of  Sheikh  Zade's  super-commentary  lying  before 
him.  In  bis  "Arabic  Association,"  difficnlt  passages  in  various  texts 
were  discussed,  opportunity  was  given  to  gain  practice  in  the  reading 
of  manuscripts,  etc  But  outside  of  this,  he  gave  instruction,  at  tbe 
period  spoken  of,  only  in  the  writings  of  Arabic,  Persian,  and  Turkish 
authors.  The  texts  selected  for  reading  varied,  frequently  according 
to  the  wishes  of  tbe  students.  But  the  two  lectures  a  week  on  Beid- 
hawi were  inviolable.  In  these,  he  himself  translated  and  explained, 
frequently  cross-questioning  his  hearers,  In  order  to  assure  himself  that 
they  had  grasped  his  meaning  and  were  making  good  progress.  In 
the  remaining  four  to  six  hours  a  week,  Arabic,  Persian,  and  Turkish 
texts  were  given  to  the  students  to  translate,  their  translations  being 
correc£ed  and  elucidated  by  tbe  professor  on  the  spot.  In  conducting 
this  exercise  bis  talk  wandered  fh>m  topic  to  topic,  so  that  in  looking 
back  it  appears  that  not  tbe  reading  of  the  texts  was  of  prime  impor- 
tance, but  rather  the  wealth  of  information,  relating  to  tbe  sultject- 
nwtter,  chiefly  however  of  a  linguistic  nature,  which  he  fairly  sbow«r«d 
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titom  ODt  of  the  plenitodc  of  bis  leantinff  upoD  tbe  eagerly  listening 
aod  busity  writing  members  of  bis  cIhss.  Aside  trom  tbe  aameroaB 
addittous  to  oue's  kuowledge,  bis  apparently  irregular  aod  digressive 
method  of  instrnction  possessed  tbe  advantage  of  at  once  nsbering  the 
etadeut  iu  to  tbe  Mohammedan  world  of  language  and  ideas,  giving  him  a 
vivid  conception  of  tbe  wealth  and  pliability  of  the  Arabic  idiom,  aud 
most  emphatically  reminding  him  at  every  tnm  of  the  necessity  of  being 
accurate  in  the  slightest  detail.  Naturally  it  was  at  tbe  same  time 
necessary  to  pursue  private  study  systematically  and  unremittingly, 
and  it  was  pre-supposed  as  a  matter  of  conrse.  He  who  conld  aud 
would  work,  had  to  acquire  rapidly  a  knowledge  of  tbe  languages,  and 
yield  with  docility  to  a  training  in  habits  of  accuracy ;  the  essentials 
of  Arabic,  indeed  of  all  philology.  The  UDdeoiable  bat  doubtless  in- 
tentional one-aidedness  of  this  method  is  justified  by  tbe  necessity  of 
hel]iing  the  pupils  to  groaud  themselves  thoroughly  in  these  funda- 
mentals. If  1  have  been  correctly  informed,  Floiscber  in  earlier  years 
delivered  regular  courses  of  lectures,  as  for  instance  ou  the  doctrinal 
theology  of  the  Islam.  From  this  it  can  be  inferred  that  his  later 
method  meant  to  lay  increased  stress  upon  the  important  and  essential 
points  which  he  had  always  emphasized.  We  were  charged  to  acqaire 
Arabic,  Persian,  and  Turkish,  and  to  rid  ourselves  radically  of  any 
tendency  to  superficiality.  Having  done  that,  we  were  prepared  as 
far  as  our  ability  went  to  do  independent  and  philologically  accorate 
work  in  whatever  special  field  any  one  of  us  might  choose.  However, 
even  from  this  point  of  view,  there  is  one  more  desideratum,  appa- 
rently unprovided  for  in  this  method,  namely,  a  knowledge  of  the  tech- 
nical working  principles  of  philology,  in  any  event  a  highly  desirable 
equipment  of  the  future  philologist.  But  every  one  bad  tbe  opportu- 
nity of  acquiring  them  while  preparing  bis  thesis.  For  Fleischer's  ac- 
tivity as  a  teacher  was  by  no  means  at  an  end  when  he  had  appeared 
in  the  lecture  room  eight  or  ten  times  a  week.  His  library,  bis  knowl- 
edge, bis  talents  were  at  tbe  disposal  of  his  pupils,  and  if  any  one  of  tbem 
in  his  first  attempt  at  editing  a  text  was  perplexed  by  some  difiicnlt  pas- 
sage in  the  manuscript,  he  needed  but  to  apply  to  his  ever-obliging 
teacher  to  have  the  difficulty  cleared  away.  Either  he  might  content 
himself  with  carrying  away  tbe  ready  explanation  or  emendation,  or  if 
be  attended  intelligently,  be  might,  in  addition,  derive  the  restricted 
number  of  principles  and  tricks  of  method,  which,  in  fact,  can  be 
summed  up  in  tbe  direction  to  scrutinize  carefully  the  manuscript  to  be 
explained  and  in  the  observance  of  tbe  two  main  injunctions  in  Lehrs's 
philologiciil  decalogue :  "  Thou  sbalt  uot  prostrate  thyself  before  manu- 
scripts," and  "  Tbou  sbalt  not  take  tbe  name  method  in  vain."  Finally, 
when  the  time  came  for  tbe  youug  scholar  to  leave  Leipzig,  perbaiis 
soon  after  receiving  bis  degree,  tbe  bond  that  linked  bim  to  Fleischer 
was  b5'  no  means  severed.  Whenever  and  in  whatever  way  he  wisbed 
he  could  ai>[>ly  to  Fleischer  for  a  solution  of  probleqa-Aod  difflcqltiMt 
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Id  his  biDdness  of  beart  he  was  indefatigable  in  replying  and  explain- 
ing, often  himself  correcting  proof-sheet  upon  proof-sbeet.  Each  of  as 
was  sore  to  find  iu  bim  as  long  as  we  lived  a  firm  scientific  support. 
I  do  not  care  to  mar  tihis  remembrance  of  a  teacber''8  toncbiog  unsi-lfisb- 
nees  and  faithfulness  by  qnestioning  whether  these  characteristics  were 
always  appealed  to  with  the  reserve  rendered  doubly  necessary  by  so 
amplea  benevolence.  He  himself  never  gave  this  question  a  thought. 
He  existed  for  his  pnpils  as  long  us  he  supposed  them  at  all  ioterested 
in  science.  Therefore  no  one  called  bira  anything  but  "  the  Sheikh ;" 
DDless  led  by  the  exuberant  spirits  of  youth,  we  translated  the  Arabic 
exprtssion  by  "  the  old  man  "  (which  after  all  was  indicative  of  oar  nn- 
bonnded  respect  for  him),  for  this  Arabic  title  of  honor  conveys  an  idea 
of  the  parental  relation  existing  between  the  teacher  and  the  pupil, 
which  IB  assumed  as  a  matter  of  course  in  the  Mohammedan  East. 

But  he  was  not  our  "  Sheikh  "  alone.  Loug  before  I  was  permitted  to 
become  one  of  his  disciples,  he  had  been  acknowledged  the  "  sheikh- 
nsli  shuy&kh,"  the  master  of  masters.  To  a  certain  extent  it  was  natural 
tbat  he  should  have  come  to  occupy  this  rank.  His  pupils  had  de- 
veloped into  CO- investigators,  and  they  could  not  well  entertain  the  idea 
ofsupplanting  bim.  But  great  as  was  tlieir  number,  there  was  still  no 
lack  of  men,  who,  having  been  disciples  of  Ewald,  Kodiger,  Freytag, 
and  others,  might  preserve  their  independence.  In  a  still  higher  degree 
this  was  true  of  partial  contemporaries,  such  as  Dorn  and  Bodiger.  Ko 
one  will  deny  that  this  state  of  affairs  was  salutary  for  our  science. 
Under  all  circumstances  it  is  baneful  for  one  school,  no  matter  bow  ex- 
cellent its  principles  or  its  representatives  may  be,  to  exercise  autocratic 
away  iu  a  given  domain.  In  some  respects  it  must  be  one-sided,  and 
one-aidedness  is  fatal  to  science.  Now,  from  what  has  been  said  of 
Fleischer  as  a  teacher,  it  follows  that  nothing  was  further  removed  from 
his  mind  than  to  force  bis  pnpils  into  a  narrow-minded  course.  If 
Devertheless  any  one  is  disposed  to  harbor  this  opinion,  let  him  but 
read  Fleischer's  preface  to  Behrnauer's  translation  of  the  Fortp  Viziers 
to  learn  differently.  But  as  was  natural,  bis  disciples  at  first  had  to 
abandon  themselves  to  his  guidance.  The  necessity  was  constantly 
arising  to  refer  them  to  the  Arabic  grammar,  when  once  they  began  to 
do  independent  work  in  the  preparation  of  texts,  always  of  a  grammati- 
cal nature,  since  soch  are  easiest  for  a  well-trained  Arabist.  Thus  it 
had  to  come  about  that  for  a  time  Arabic  grammar  seemed  to  thrive 
almost  too  luxuriantly  in  these  circles.  Since  then  it  has  become  ap- 
parent tbat  the  danger  was  not  very  great.  It  must  be  conceded  how- 
ever that  its  complete  avoidance  was  greatly  due  to  the  efi'orts  of  those 
Bcholars'who  remained  independent  of  Fleischer;  tbat  is  to  say,  inde- 
pendent of  bis  instruction,  not  of  his  ioHnence.  It  could  not  be  gain- 
said; he  was  the  most  learned  of  the  learned,  the  most  accurate  of  tbu 
accurate.  It  is  therefore  not  remarkable  that  the  recognition  of  his 
Bcientjflc  superiority,  readily  yielded  by  all  prominent  scholars,  with 
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ODe  or  two  exceptioos,  gradually  led  to  the  eetablisbineiit  of  personal 
relations,  in  which  he  always  gave  more  than  he  received.  His  oo-la- 
borers  in  Germaoy,  as  well  as  in  more  than  one  foreign  land,  by  degrees 
grew  aocnstomed  to  aek  his  advice,  claim  bis  help,  which  be  gruited 
to  strangers  as  freely  as  to  bis  own  papils.  Thus  it  happened  that  for 
many  a  year  no  Arabic  teztof  any  importance  was  printed  in  Qermany 
withoat  owing  to  bim  considerable  improvements,  and  likewise  more 
than  one  valnablo  work  by  foreign  Arabists  has  received  similar  aid. 
Sometimes  he  revised  the  proof-sheets  as  they  were  printed ;  sometimes, 
after  the  appearance  of  single  rolnmes,  he  arranged  the  notes,  taken 
during  its  carefnl  pemsal,  so  that  they  might  profitably  be  nsed  in  ap- 
pendices, possibly  to  be  added.  There  is  qaite  a  library  of  Arabic  writ- 
ings, in  the  building  np  of  which  be  has  thus  participated.  Here  are 
some  of  the  important  works,  selected  at  hap-hazard :  Amari's  Bibliotkeea 
Ar<^-8UmUi,  JnynboU's  Abulmakdnn,  the  Makkari,  Tornherg's  Ibn  d- 
AtUr,  Wnstenfeld's  JacAi,  Pliigel's  Fihriat,  Wright's  K&mil,  de  00630*8 
Bibliotheea  Oeographorum,  Jahn's  Ibn  Ya'ith.  This  critical  work  was 
naturally  accompanied  by  an  extensive  correspondence,  which  took  the 
more  time  as  it  was  condaoted  with  an  almost  exaggerated  conscieotlone- 
nesB.  Bat  in  no  other  way  conid  these  nnmberless  connections  have 
been  maintained  so  regnlariy  and  so  steadfastly. 

As  Oriental  studies  advanced  in  Germany  the  necessity  of  est^Usfa- 
tng  closer  connections  between  the  representatives  of  the  different  de- 
partments was  keenly  felt  early  in  the  third  de^Ade  of  this  century. 
To  effect  a  union  of  this  kind  Ewald,  Kosegarten,  Kodiger,  Rtickert, 
and  some  others  established,  iu  1837,  the  Journal  for  the  Sdenee  of  tke 
Orient  (Zeitschrift  fur  die  Kunde  dea  Morgenlandei).  From  1838,  tb« 
philologist^  conventions  offered  place  and  opportunity  for  personal 
intercourse  between  men  in  all  departments  of  Orieutal  research.  Thus 
Bodiger  was  but  giving  shape  to  an  idea  that  had  long  been  enter- 
tained when  he  proposed  on  the  occasion  of  a  visit,  in  September,  1843, 
at  Fleischer's  house,  where  Pott,  Olshanseu,  von  der  Gabelentc,  and 
Brockhans  were  also  present,  thatGerman  orientalists,  as  abody,  should 
hold  sessions  annually  in  connection  with  the  conventions  of  phili^ 
gists.  As  is  well  known,  this  plan  was  executed  in  1844,  at  the  Dresden 
meeting.  The  consultations  held  there  resulted  in  the  formation,  at 
next  year's  meeting,  on  October  2, 1845,  at  Darmstadt,  of  a  German 
Oriental  Socioty,  modelled  after  the  Society  Asiatiqne  and  the  Royal 
Asiatic  Society.  The  Jonmal  of  the  new  society  absorbed,  in  134T,1lie 
Zeitichrift  fur  die  Kunde  des  Morgeniandes.  From  the  first,  Fleischer 
di8!>Iayed  zealous  interest  in  the  plan.  The  Ufcsden  council  was  lwI4 
nnder  his  presidency,  and  the  first  draughtof  the  constitution  issued  I'rmn 
his  pen.  His  certificate  of  membership  was  the  first  couferred,and,u|) 
to  the  time  of  his  resignatiou  from  the  governing  body,  in  1B80,  it  may 
be  said,  without  disparagement  to  many  faithful  and  deserving  men. 
that  he  was  the  soul  of  the  association, noBeld8hly,a8  always,  devoting 


HEHOIB  OP  FLEISCHER.  519 

his  befit  powera  to  the  coinmon  good.  His  help  was  giren  wherever  it 
vaa  needed ;  he  Bended  as  editor  of  the  Jouraal,  and  again  as  chroni- 
cler of  the  year's  worK;  he  was  called  upon  to  pass  jadgment  on 
works  that  were  to  be  published  under  the  aaspicea  of  the  society,  and 
to  correct  them ;  and  Bometimes  he  bad  to  act  as  mediator  between 
opposing  parties  that  had  sprung  up  within  the  society.  The  society 
thus  became  dear  to  bis  heart,  as  does  a  child  that  has  been  raised  with 
care  and  trouble  to  man's  estate.  Nothing  (unless  it  were  a  falsehood) 
vexed  him  so  much  as  an  injury  done  the  society,  or  failure  to  faldll 
pnuctaally  the  duties  imposed  by  membership.  While  occupying  the 
position  in  the  governing  board  of  executive  in  matters  relating  to  the 
library,  he  took  upon  himself  the  anpleasant  task  of  making  a  quar- 
terly list  of  all  books  and  pamphlets  that  had  been  sent  to  him,  and  in- 
oloBiDg  it  in  the  chest  of  books  forwarded  to  the  librarian  at  Halle. 
Lat«r,  when  direct  communications  between  the  library  and  tbe  corre- 
spondents of  tbe  society  were  established,  this  work  was  no  longer  neoes- 
saiy.  Up  to  that  time,  while  I  was  librarian  of  the  society,  many  a  list 
of  that  kind  passed  from  his  hand  into  mine.  I  do  not  remember  ever 
to  have  found  an  error  in  a  single  one ;  bnt  I  know  that  I  often  wished 
Uiat  he  would  not  waste  precious  time  on  unimportant  work,  for  which 
he  might  have  fonnd  dozens  of  willing  hands  near  htm.  But  be  would 
have  eyed  with  suspicion  the  man  who  wonld  suggest  that  be  should 
transfer  to  others  what  he  considered  bis  own  duty.  Undoubtedly  he 
was  right,  for  the  society  would  never  have  tamed  ont  to  be  such  as  it 
is  if  he  had  not  had  so  flonscientions  a  conception  of  duty.  He  was  re- 
paid by  the  pleasure  of  seeing  it  grow  and  thrive;  soon  it  could  fitly 
range  itself  by  the  side  of  older  associations  abroad ;  and  among  the 
learned  bodies  of  Germany  it  occapied  a  respected  position.  On  one  oc- 
casion, to  be  sure,  this  position  caused  him  mnch  unpleasantness,  namely 
when  tbe  directors  had  to  advise  the  Prussian  Government  as  to  the 
purchase  of  the  Moabite  antiquities,  which  subsequently  proved  spori- 
008.  This  is  not  the  place  and  nowhere  is  it  concern  of  mine  to  raise 
anew  the  dost  under  which  this  unfortunate  affair  has  finally  been 
hnried.  Tbe  proper  oonooption  of  the  province  of  a  business  committee 
is  expressed  in  a  resolution,  afterwards  adopted  by  tbe  general  con- 
vention of  the  German  Oriental  Society:  "  Inconsequence  of  tbe  position 
assigned  by  the  constitution  to  the  board  of  directors  of  the  society,  any 
opinion  pnblished  by  tbem  on  scientific  and  more  i>articolarly  on  dis- 
puted points,  cannot  be  construed  to  express  the  opinion  of  tbe  society."  * 
Fleischer  may  have  permitted  a  fatal  mistake  to  be  made,  but  he  after- 
wards generonsly  assumed  more  of  the  responsibility  than  was  neces- 
sary. 

Surely  no  one  who  once  more  passes  in  review  his  extensive  and 
varied  work,  even  in  the  iucomplete  survey  that  I  have  Just  made,  can 
find  reason  to  doubt  the  truth  of  what  Fleischer  further  says  in  the 

*  ZeiUchri/t  der  DtaltdieH  Uorgtnlanducken  (iettlUcka/l,  *o1.  xxxl,  p.  sv. 
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above  quoted  passage  from  his  preface  to  Fell's  Indices:  "Ceteris  aigevero 
otium  miki  et  vires  defuiMse,  non  voluntatem  et  studiumJ"  Certainly  then 
it  was  not  possible  for  him  to  find  leisare  for  the  preparatioD  and  eie- 
cotion  of  compretieDsive  works  embodying  the  results  of  iadepeudeiit 
research.  The  translation  of  the  Ooran,  the  work  of  many  years,  wag 
left  ancompleted.  However,  not  all  his  powers  were  absorbed  by  his 
efforts  in  behalf  of  his  pupils,  bis  colleagues,  and  the  learned  world  Id 
general.  He  devoted  every  leisare  moment  to  his  appointed  task  of 
maintaining  Arabic-Mohammedan  philology  apoii  the  eminence  to  wbtoh 
De  Sacy  had  raised  it,  and  if  possible  of  elevating  it  still  higher.  He 
diligently  continued  up  to  the  last  moment  the  critical  work  that  had 
opened  new  paths  to  science  apon  bis  first  appearance.  For  a  long  time 
he  wrote  reviews  of  new  books  in  the  Halliache  Litteraturz«itumg,  in 
Gersdorrs  Bepertorium  and  in  otherjoiirDal8,bHt  afterwards  exclusively 
in  the  Zettsehrift  der  Deutaahen  Morgenlandisehen  QeseUacha/l.  For  the 
readers  of  the  Beitriige,  special  mention  may  be  made  of  his  detailed 
notices  of  the  re-modelled  edition  of  Riickert'u  Poetics  and  Rketoric  of 
the  Persians,  and  of  Bacber's  edition  of  Sa'di's  short  poems,  both  repub- 
lished in  the  third  volume  of  his  Minor  Works,  Besides,  he  contrib- 
nted  extensively  to  the  improvement  of  the  various  editions  of  Arabic 
texts,  especially  of  Uakkari  and  Abalmahasin,  and  wrote  a  number  of 
short  articles  on  chance  topics  connected  with  Arabic,  Persian,  and 
Turkish  literature,  history,  and  arcbteology,  as  they  were  suggested  to 
him  by  hiuts  in  his  correspondence,  in  bis  official  work  for  the  German 
Oriental  Society,  etc.  Two  great  series,  by  far  the  moat  important  id 
a  mass  of  highly  iastrnctive  material,  must  be  noted:  tho  celebrated 
contributions  [Beitrdge)  to  De  Sacy's  Orammaire  Arabe,  and  those  to 
Dozy's  Suppl^ent  aux  dictionnaires  arabes. 

"  Qrammatici  Arabesutilissimi  nobis  (sunt  enimtkesauri/ormammtoUui 
que  antiquitatis promi  condi)"  was  the  opinion  of  Ewald.*  It  isperbapti 
De  bacy's  greatest  distinction  that  he  put  Arabic  philology  upon  this 
basis,  and  no  less  deserving  of  praise  is  Fleischer  for  having  continued 
and  supplemented  this  work  iu  a  spirit  of  modesty  and  life-long  devotion 
to  his  beloved  teacher,  aided  by  the  superior  knowledge  which  he  had 
learned  how  to  acquire  in  the  school  of  De  Sacy.  Those  endowed  witb 
nnusnal  talent,  and  furnished  besides  with  a  peculiar  gift  for  the  Arabic 
):ingDage,  may  sncceed  in  understanding  Arabic,  and  in  avoiding  all  the 
hidden  snares  in  the  characters  the  vocabulary  and  the  syntax,  lud  for 
the  guileless  reader  by  this  most  treacherons  of  all  laugnages  with 
which  I  am  acqaainted.  But  the  average  scholar  is  lost,  that  is  to  say 
sinks  back  upon  a  lamentably  low  stage  of  philological  development, 
nuless  he  masters  thoroughly  his  De  Sacy  with  Fleischer's  additions. 
That  diligent  and  willing  studeuts  are  no  longer  exposed  to  this  danger 
of  retrograding  we  owe  to  "the  old  man."  And  the  place  tilled  in  its 
time  by  the  worn,  iuterleaved  Freylag,  or  that  filled  in  the  domain  of 
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graramar  by  De  Sacy  with  the  "  Beitrii^e,"  is  occupied,  on  tbe  field  of 
leiicograpby,  by  Dozy's  Supplement,  eiiriclied  by  Fleischer's  corrections 
and  additions.  Hit)  "  Minor  Worka,"  covering,  together  with  the  others 
mentioned,  2225  pages,  are  a  legacy,  tbe  conscientions  use  of  which  will, 
for  a  loDg  time,  continue  to  be  tbe  prime  duty  of  every  scleDtiSc  Ara- 
hist 

We  sboold  nse  it  however  not  only  conscientioasly,  but  also  wiih 
the  moet  grateful  remembrance.  We  shoald  always  bear  iu  mind  thiit 
Fleischer,  in  order  to  become  for  his  pupils  and  co-laboters  wbat  be  was 
to  them,  refrained  from  working  for  himself  except  by  working  for 
others,  and  this  at  a  time  when  his  powers  were  at  their  height  and  his 
comprehensive  learning  in  its  ripest  state. 

Possibly  many  a  one  bas  shared  the  feeling  of  a  prominent  and 
clever  oo- laborer  of  mine,  who  said  to  me  some  years  ago  that  it  vexeil 
bim  to  tbink  that  Fleischer,  with  bis  magnificent  learning  aud  ability, 
was  deserting  from  the  solution  of  the  bigbe»t  problems.  I  can  not 
agree  witb  my  nameless  friend.  Diverse  gifts^-one  mind.  Some,  vent- 
aring  fearlessly  abroad,  are  permitted  to  discover  new  domains ;  others 
secure  law  and  order  at  home.  Not  the  one  by  itself,  nor  the  other  is 
the  desideratum.  The  one  cannot  stand  witbont  the  other.  When 
Fleischer  came  upon  Ibe  stage  we  stood  in  need  of  law  aud  order, 
which  he  secured.  Now,  let  the  venturesome  go  forth  upon  voyages  of 
discovery ;  tbe  less  talented  will  still  do  well  to  remain  at  home  and 
watch  lest  law  and  order  be  undermined.  Certainly  it  would  have 
been  a  great  achievement  if,  for  instance,  our  sheikh  had  built  up  tbe 
edifice  of  Islamic  doctrines  for  us.  But  bas  be  not  done  better  in  sharp* 
ening  tools  for  many  generations  of  workers,  so  that  now  tboy  may 
themselves  build,  not  so  quickly  and  not  so  high,  but  ou  a  broad  base 
and  with  many  wings  T 

"Let  me  say  briefly  that  from  my  early  yonth  I  have  dimly  felt  the 
desire  and  hope  to  cultivate  myself,  my  whole  self,  such  as  it  is,"  writes 
Wilhelm  Meister  to  his  wise  friend  Werner.  Man's  dnty  with  regard 
to  his  own  gifts  has  never  been  expressed  more  pertineutly.  Fleischer's 
was  a  sagacions,  acnte,  aud  sensible  mind.  He  iu  nowise  sympathized 
with  wbat  is  mystic  and  ambiguous.  A  critic  by  oatnre,  be  exercised 
bis  critical  faculties  not  only  upon  others,  but  also  and  chiefly  upon 
himself.  Besides,  he  was  faithful  to  daty,  a  lover  of  truth,  benevolent, 
humbly  self-sacrificing,  and  single-minded.  Not  one  of  these  natural 
traits  did  he  fail  to  cultivate  conscientiously,  nor  did  he  ever  attempt 
to  lay  false  claims  to  virtues  which  he  did  not  possess.  A  man  of  this 
bind  conid  not  fail  to  see  that  only  by  means  of  self-restraint  can  one 
succeed  in  perfectly  cultivating  one's  own  natare.  In  no  respect, — 
neither  in  his  views,  nor  in  bis  studies, — was  he  one-sided ;  but  be  knew 
accurately  wherein  his  strength  lay,  and  was  too  sensible  to  sin  against 
the  proverb :  *'  Qui  trap  embrasse,  mal  etreint."  "  II  nefaut  pas  courir 
ifew  liivret  d  lafou,"  he  once  wrote  to  me,— (he  often  delightetl  in  usiug 
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tbeFreDcb  luugauge,  which  be  had  mastered  perfectly),  and  aocording 
to  this  priacipie  he  consistently  arranged  hiti  scientific  career.  In  hti 
preface  to  the  Golden  tfecl^aces  be  says  clearly  and  decidedly ;  "  In  Ara- 
bic research  neither  good  will,  nor  diligence,  nor  penetration  of  mind, 
Dor  ingenuity,  nor  ontside  philological  attaiomenta,  nor  anything  in  the 
world,  can  relieve  one  from  the  necessity  of  modestly,  faithfally,  and  dili- 
gently Btndying  with  the  Arabic  philologists, — and  here  in  Eorope, 
above  all  with  onr  master  De  Sacy;  however,  I  do  not  mean  to  imply 
that  Gwald  and  his  compeers  will  not  in  time  succeed  in  sammaming  the 
snperabQndant  malerii^  of  Arabic  philology  in  a  more  fittine  and  ooo- 
venient  form,  as  well  as  in  explaining  many  fkcta  in  a  more  soieotiflc 
way."  The  jastification  for  Ewald's  philological  methods  does  not  es- 
cape his  notice,  as  Bwald  in  tnrn  admits  that  the  Arabian  grammarians 
are  the  promt  oondi  totitu  anti^itatia.  Bat  Fleischer  avowedly  limits 
himself  to  the  purely  philological  side  of  the  task,  for  il  ne/autpat  cottrir 
deux  lUrret  a  la/oig.  Only  once  did  he  deviate  ftvm  this  rule,  and  then 
it  was  done  in  order  to  venture  upon  a  neighboring  domain  that  cooM 
not  well  be  avoided,  that  of  general  Semitic  etymology :  He  that  wishes 
to  cast  a  stone  at  him  on  this  account  may  do  so  after  consulting  St  Jobu 
viii,  7.  To  this  wise  self-restraint,  among  other  things,  be  owes  bis  pre- 
eminence upon  that  field  of  philological  research  which  waa  chosen  by 
him,  or  which  (if  you  will)  naturally  fell  to  bis  share.  At  all  events  it  is 
bard  to  believe  that  any  other  field  would  have  given  the  same  scope  to 
his  natural  abilities.  The  undeviating  conformity  to  law  that  character- 
izes the  structure  of  the  Arabic  language  and  its  perspicuity  naturally 
appeal  to  him,  as  on  tbe  other  band  its  boundless  wealth  and  appiu«iit 
complexity  of  linguistic  phenomena  offered  welcome  problems  for  his 
ingenuity  to  solve.  He  was  thus,  by  right  of  birth,  the  expounder  of 
the  Arabic  poets  and  writers,  whose  pecniiaritiea  are  analogous  to  those 
of  their  langnage.  This  partial  affinity  (for  in  other  respects,  he  was  a 
true  Oermao  with  very  un- Arabian  feelings),  together  with  his  linguistic 
attainments  and  large  information,  permitted  him  to  reach  the  incom- 
parable skill  and  certainty  in  tbe  criticism  of  Arabic  texts  which  for 
tbe  time  at  least  did  more  than  anything  else  to  shed  luster  upon  bia 
name.  Theoretically  indeed  there  is  no  difference  between  the  proper 
philological  treatment  of  a  Greek  or  Latin  and  an  Arabic  or  PersiRii 
text.  But  many  external  circumstancea  connected  with  Mohaminedsn 
literature,  such  as  the  relatively  short  period  iutervening  between  the 
original  writer  and  the  mannscripts  to  be  studied,  the  {leculiarities  of 
Arabic  characters,  etc.,  cause  less  stress  to  be  put  in  our  apecialty  upon 
tbe  recensiOf  if  I  may  be  permitted  to  use  technical  terms.  In  some  cases 
the  recenaio  is  the  most  essential  part  of  the  work ;  iu  most  however  it 
is  very  unimportant.  With  us  it  is  the  emendatio  that  taxes  the  critical 
faculties  to  the  utmost.  Similarly,  ours  differs  from  classical  philology, 
inasmuch  as  conjectures  with  us  are  usually  either  entirely  correct  or 
altogether  incorrect  rarely— j>ro6a&iIu.    Hence  it  mm  be  stud  that,  aside 
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from  mere  copyists'  blunders,  it  is  easier  to  make  conjectnres  iu  claas- 
ical  pbilolog;,  bat,  on  the  otber  baud  ceterix  paribtu  it  is  easier  for  us 
to  make  correct  coiyectares  or  emendatioDS.  For  both  reasons  we  are  not 
justifled  in  restiug  satisfied  with  tbe  mere  recenaio,  as  our  Orseco- Roman 
piiiloiogiane  may  sometimes  do.  It  follows  that  a  mau  like  Fleischer 
may  not  be  disposed  of  by  praisiug  him  as  tbe  lucky  possessor  of  a  talent 
lor  conjecturing,  and  then  castinj;  him  into  the  great  lumber-room,  where 
tbe  superannuated  philologists*  apparatus  is  stored.  Trne,  he  is  the 
author  of  thousands  of  coqjectural  corrections,  bat  at  least  two-thirds 
of  his  conjectures,  if  this  measure  of  worth  be  applicable,  are  emenda- 
tions. Whoever  admits  Cbis,  will  thereby  agree  with  me  in  saying  tbat 
self  forgetful  work  limited  by  wise  self-restraint,  and  undertaken  with  a 
definite  aim  in  view,  is  as  a  matter  of  coarse  and  almost  in  opposition 
to  the  visbee  of  its  aatbor,  rewarded  with  the  prize. 

It  is  time  to  conclude.  Ffeiscber's  prominent  position  in  tbe  history 
ofoarscienceisduetotbese  circumstances;  by  precept  and  example  he 
nade  a  home  in  Germany  for  the  acientiBc  study  of  Arabic  Mobam- 
nedau  pbilology  ;  he  trained  generations  of  scholars  with  this  parpose 
Id  view ;  be  similarly  influenced  his  co-laborers  in  Germany  and  abroad ; 
he  doubled  the  sum  total  of  all  tbe  resalts  reached  by  De  Sacy  in  the  spe- 
cial field  of  Arabic  language  and  literature,  and  by  his  help  the  work 
of  his  coutemporariea  was  raised  to  tbe  eminence  occupied  by  bis  own. 
There  was  no  lack  of  prominent  scholars  in  bis  own  department,  nor  of 
saigas  took  np  and  supplemented  bis  work  outside  of  tbe  limits  be 
himself  had  drawn.  Still  he  and  no  other  can  be  called  the  true  heir 
and  soccessor  of  De  Sacy.  In  knowledge  and  ability  he  excelled  bia 
great  teacher.  Bat  he  himself  would  have  administered  a  sharp  reproof 
to  him  who  might  venture  to  rank  him  above  his  master,  in  scientific 

matters  :  "  Honor  be  to  him  who  leads  the  way."  .A  «  r,\\  LaiJ\ 
The  oostiuted  reooguition  yielded  to  the  great  scholar  on  all  sides 
wascommensarate  with  bis  deserts.  Tbe  most  prominent  Orientalista  of 
GennaDy  and  others  of  foreign  countries  readily  acknowledged  tbat  his 
«aB  unequalled  knowledge  and  ability ;  one  learned  society  after  another 
coDferred  apou  him  honorary  membership,  and  to  several  Saxon  orders 
and  tbe  Turkish  Me^idi^  were  added  the  two  highest  scientific  distinc- 
tions in  the  giving  of  Germany, — the  Bavarian  order  of  Maximilian  aud 
the  Prussian  pour  le  mirtte.  For  a  long  time  il  seemed  as  thoagb  age 
itself  could  not  impair  the  octogenarian's  vigor  nor  destroy  his  love  of 
work.  However,  in  tbe  spring  of  1884,  there  appeared  the  first  synip- 
tomsof  ao  abdominal  disorder,  which  gradually  grew.  But  whoever 
saw  him  when  be  was  not  troubled  with  pain,scaTcely  noticed  any  change 
ID  his  appearance,— none  whatever  in  his  mauner.  On  October  19, 1885, 
I  enjoyed  the  privilege  of  participating  with  many  others  in  the  celebra- 
tion of  the  fiftieth  anniversary  of  bis  ofiScial  connection  with  the  univer- 
^ty,  and  on  October  4, 1886,  when  I  again  visited  him  during  his  stay  at 
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rvtia-Schooefeld,  the  entry  in  my  diary  reada:  "Fleischer  as  bright  as 
ever."  Bat  Id  1886,  he  was  compelled  to  avail  himself  of  the  permission 
grantetl  him,  on  the  occasion  of  his  jubilee  celebration,  to  omit  the  lec- 
tares  of  the  summer  sestiion,  and  the  physician's  orders  were  constantly 
limiting  the  amonnt  of  work  he  did.  When  again  I  visited  him  at  Ijeip- 
zig  in  October  7,  1887,  I  felt  that  I  ahould  have  to  bid  him  an  eternal 
farevell.  In  spite  of  his  increasiog  debility  he  began  a  course  of  lect- 
ures for  the  winter  session,  and  continned  them  until  November  17. 
But  OD  November  18  be  took  to  his  bed,  never  again  to  leave  it.  He 
bore  the  pain  entailed  by  his  disease  with  admirable  patience ;  no  com- 
plaint ever  crossed  his  lips,  until  on  February  10,  1888,  a  short  while 
before  completing  his  eighty-seventh  year,  death  released  him  firom  bis 
sufiTering. 

The'  prominent  features  of  Fleischer's  character  were  truthfolness, 
conscieotiousness,  unselfishness,  and  punctuality.  I  was  never  able  to 
decide  bow  much  he  owed  to  uature,  how  much  to  the  strict  self-diACt- 
plineezercised  in  early  years.  But  whatever  he  had  acquired  by  habit 
had  come  to  be  a  part  of  bis  being.  He  became  indignant  nay  wrath- 
ful, the  kindliness  that  marked  his  features  and  sprang  from  good 
nature  in  the  best  meaning  of  the  word,  seemed  to  leave  him, — when  he 
met  with  falsehood,  carelessness,  or  lack  of  punctuality.  As  long  aa 
there  were  no  evidences  of  want  of  truth  on  the  part  of  others,  he  was 
unsuspicious,  sometimes  too  much  so;  but  whoever  shocked  his  deli- 
cate sense  of  justice,  had  good  cause  to  fear  his  anger.  Yet  there  was 
not  a  trace  of  dogmatism  in  his  nature.  He  may  in  some  instances 
have  chanced  to  form  an  iticorrect  judgment  of  certain  people,  but 
he  took  the  first  opportunity  to  change  it  most  williugly  in  their 
favor,  unless  weighty  reasons  esisteil  for  the  contrary.  All  that  he 
thought  and  did  was  characterized  by  objectivity,  pure  and  simple.  In 
scientific  debates  he  demanded  that  his  conclusions  be  tested  impar- 
tially, and  on  the  other  hand  he  accepted  instniction  from  the  young- 
est of  bis  pupils,  if  be  bad  chauced  to  find  nometfaiug  that  had  es- 
caped the  notice  of  "the  sheikh."  His  polemics  were  never  of  a  per- 
sonal nature  except  when  Ewald  accused  him,  in  a  manner  that  even 
now  impairs  the  reputation  of  this  great  man  of  '■  being  actuated  by 
sordid  impulses  in  science."  In  a  published  "  statement  addressed  to 
Prof.  Dr.  Ewald  of  Giittingen,"  be  expresses  in  plain,  though  moderate 
terms,  his  just  indignation.  His  misunderstanding  with  Dozy,  wliom 
Fleischer  bad  unintentionally  offended,  was  cleared  up  in  awaytb&t 
reflects  credit  upon  both  scholars.  He  was  conscious  of  his  abilities 
and  his  achievements,  but  never  boasted  of  them.  To  all  work  done  by 
.  others,  in  his  or  their  department,  he  gladly  yielded  recognition.  Un- 
hesitatingly he  BRbordinated  himself  in  every  respect  t«  De  Sacy,  mi 
to  Lane's  knowledge  of  thu  Arabic,  as  (in  bis  opinion)  superior  to  bis 
own.  He  was  never  ambitious  of  empty  honors,  he  never  sought  (o 
assert  himself. 
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What  was  called  Fleischer's  school,  can  Bcaroely  be  said  any  longer 
toeiUlas  sach.  Arabic  studies,  the  preponderance  of  which  formed 
the  most  distingaisLiiig  mark  of  its  anity,  have  been  cnrtailed  in  Oer- 
many.  A  cruel  fate  has  prematurely  removed  the  very  best  philologists 
of  Fleischer's  school :  Balfs,  Loth,  Spitta,  and,  furthermore  Kosut  and 
Huber.  Some  of  as  havestrtickoaton  new  paths;  general  interest  has 
1k«d  diverted  to  Assyriologtcal  research  and  to  comparative  philology. 
Tbe  leadership  in  the  Arabic  domain  is  abont  to  pass  over  to  the  Dutch 
school.  Bat  it  matters  not  what  we  do,  if  only  we  emulate  the  example 
or"oar  sheikh,"  and  do  disinterested,  honest,  diligent,  conscientioas, 
and  modest  work,  in  whatever  is  within  the  leaoh  of  our  limited  ability 
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A  MEMOIR  OF  GUSTAV  BOBEBT  KIECHHOPP" 


Bt  Robert  ton  Helmholtz. 

Trauslated  b;  Johepb  db  Pkbott. 


On  the  20th  day  of  October  of  the  past  year  (1887)  we  bade  oarlaat  fare- 
wells to  OnstavR.  Kirclihoff  inSt  Matthew's  Cemetery  at  Berlio.  Kat- 
nnl  science  ha«  lost  one  of  its  mightiest  promoters,  GermaDy  is  t>er8ft 
or  one  of  her  keenest  thiDkera,  the  yoatb  lament  their  honored,  brilliant 
mister,  and  his  friends  mourn  over  a  man  who  belonged  to  the  beet,  in 
tbe  trne  meaning  of  this  word.  While  Eircbhoff's  works  made  his  name 
immortal,  BO  that  wherever  physics  is  taogfat  he  will  be  mentioned,  such 
were  his  modesty  and  simplicity  that  his  own  person  was  hidden  behind 
tbe  object  to  which  he  devoted  his  life,  and  if  we  except  his  colleagaes 
and  those  who  had  tbe  fortane  to  be  near  him,  there  were  very  few 
who  knew  more  than  that  Eirehhoff  was  the  illostriouH  discoverer  of 
spectmm  analysis.  Let  one  of  his  students  be  permitted  to  attempt  to 
do  what  he  would  never  have  undertaken  himself  and  what  even  woald 
have  been  painful  to  him  while  he  lived, — to  draw  a  picture  of  his  work 
not  in  its  pore,  abstract  form,  destitute  of  all  earthly  vesture,  as  he  pro- 
duced it,  but  rather  in  connection  with  hie  personal  life,  and  as  a  f^nit 
of  bis  personal  genius. 

Gnstav  R. Eirehhoff wasaprofessorofmaf&CTnaft0aIj>&y«u».  Imention 
thia  first,  not  becanse  it  is  the  main  fact  which  woald  stand  first  in  a 
biographical  dictionary,  but  beoanse  mathematical  physics  is  a  science 
of  which  only  he  who  ^tfia  bom  to  it  can  become  an  adept.  There  are 
TocatJons  in  life,  there  are  branches  of  science  that  do  not  allow  us  to 
uifer  what  spirit  animates  their  adepts.  In  certain  regions  of  abstract 
Kience  however,  whoever  wants  to  penetrate  into  them,  must  have  fac- 
ulties and  dispositions  of  definite  nature  and  bias,  otherwise  be  will  not 
even  cross  tbe  threshold  that  leads  to  them. 

Pure  maOtemtUicg  is  such  a  science.  Every-day  experience  teaches  as 
that  only  a  small  proportion  of  stndente  are  endowed  with  a  genius  for 
it  It  is  more  difficult  to  say  on  what  powers  of  the  hnman  mind  such 
*  genius  rests.  Mathematics  is  logic  applied  to  numbers  and  extensive 
magnitudes.  It  requires  accordingly  a  great  power  of  abstraction  and 
tiie  focolty  of  intnitive  perception  of  relations  of  magnitudes.    At  any 

'From  the i)cii(Ml« BHHiInAaM,  February,  18S»:  vol. xir, pp. 33^345.      )n|e 
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rat«,  jQSt  beoMise  the  technica  of  pore  logical  thinkiug  bare  to  be  de- 
veloped to  a  great  extent,  the  perceptive  faealty  of  a  iDathematician, 
bisjndgmentaDd  Ms  representatiou  of  things  are  of  a  peculiar  kind. 

The  natural  philosopher  requires  however  another  faculty  still,  I 
mean  the  faculty  of  observation.  Every  one  whose  work  rests  on  ob- 
servation is  a  student  of  nature  in  the  widest  meaning  of  this  word; 
the  physician,  the  traveller,  the  collector.  To  observe  is  to  Dotice,  and 
to  collect  what  you  have  noticed.  In  proportion  however  as  the  col- 
lecting of  things  is  done  according  to  higher  aud  higher  standards,  ob- 
servation comes  nearer  to  thinking,  collecting  approaches  interpreta- 
tion, and  Dfttnrat  history  verges  into  exact  study  of  nature.  Tlie 
adepts  of  natural  science  work  not  only  through  the  senses  by  means 
of  observation,  bot  also  by  means  of  the  logical  faculty  of  drawing  in- 
ference. They  differ  from  mathematicians  chiefly  in  the  material  for 
their  thinking  being  given  in  the  external  world  and  that  they  most 
have  the  talent  to  find  it  there,  while  the  foundations  of  mathematics 
seem  to  be  given  a  priori.  Mathematics  is  the  most  convenient  instm- 
ment  in  the  exact  science  of  nature  because  it  is  the  tongue  in  which 
the  latter canexpressitsconclusionsintheqnickestandmostprecise  way. 
That  is  why  the  exact  study  of  nature,  becomes  more  and  more  mathe- 
matical ;  physics,  alter  astronomy,  has  made  the  most  progress  in  this 
direction }  chemistry  is  about  to  follow  it.  Si>eaking  generally,  the 
greatest  physicist  nowadays  will  be  be  who  is  endowed  equally  with  the 
gifts  of  observation  and  with  logical  precisionof  thinking,  and  has  mas- 
tered experiment  as  well  as  mathematics.  According  to  the  pre-emi- 
nence of  the  one  or  the  other  faculty  the  place  of  each  investigator 
will  be  nearer  to  the  observers  of  nature  or  to  the  thinkers  about  nat- 
ure. Both  kinds  are  neceasar)-,  the  latter  is  more  seldom  met  with, 
there  are  more  good  observers  than  good  thinkers.  Oustav  R.  Eirchhoff 
belongs  ratber,  according  to  his  nature,  to  the  great  thinkers,  and  still 
his  greatest  and  most  celebrated  discovery  is  a  discovery  of  observa- 
tion. He  was  one  of  the  greatest  natural  philosophers  just  because  he 
was  a  mathematical  physicist  in  the  above-mentioned  sense. 

The  life  of  Eirchhoff  was  that  of  a  thinker,  t»o.  He  did  not  travel 
all  over  the  world  to  see  nature  in  the  splendid  attire  of  her  mnltiEBii- 
ous  prodnctions,  like  Bumboldt  or  Darwin ;  he  did  not  work  bis  way  to 
theory  through  a  school  of  pnrely  practical  life,  like  Faraday  or  Siemens. 
Ko  more  did  he  pass  bis  life  in  the  whirlpool  of  historical  or  sodal 
events.  He  accomplished  his  work  quietly  in  the  externally  serene, 
bat  internally  the  more  active,  abodes  of  science, — in  the  leotnre-rooiDS 
and  laboratories  of  several  German  universities.  Whoever  wants  to 
know  him  must  follow  him  thither  into  spheres  ef  thought  that  lie  a&r 
off  from  the  interests  of  the  day. 

Oustav  R.  Eirchhoff,  son  of  the  lawyer,  was  bom  (1824),  brought  up, 
and  educated  at  Kiinigsberg,  the  "  City  of  Pnre  Reason."  According  to 
a  certiQcate  from  the  Kneiphof  High-school,  be  wished  to  devote  him- 
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lelf  to  matfaematica,  and  iu  fact  he  commenced  the  study  of  it  aoder 
Bichelot,  and  tlie  elder  Neninanu.  The  latter,  at  first  a  mineralogist,  aud 
arterwards  grvlaally  becoming  one  of  the  great  fouudera  of  the  mathe- 
matical physics  of  our  time,  had  a  decisive  iiiflaeiice  on  Kirchhoff. 
Ilie  stadeot  took  to  physics  too,  and  belgied  to  bnild  op  his  toaster's 
stmctare.  While  still  a  student,  Kirchhoff  wrote,  in  1845,  an  excellent 
origiaal  paper  (On  the  flow  of  electricity  through  a  circular  plate),  and 
vas  granted  a  scholarship  for  a  scientific  journey  to  Paris.  The  dis- 
tnrbauG«s  of  the  year  1818,  prevented  him  from  going  any  farther  than 
Berlin,  however.  He  stopped  there  and  qualified  fora  professorship  in 
mathematical  physics.  Strange  to  say,  the  first  course  of  lectures  of  a 
professor  who  afterward;)  attracted  hundreds  did  not  take  place. 
Mathematical  physics  ap)>eared  at  tlie  time  a  very  remote  and  abstract 
gabject  Iu  the  year  1850,  Kirchhoff  went  to  Breslau  in  the  quality  of 
au  adjonet  professor,  and  in  1S54,  as  a  full  professor  to  Heidelberg,  so 
that  he  went  through  the  asual  career  of  a  German  professor. 

The  bloom  of  his  life  was  the  twenty  years  he  lived  and  taught  at 
Heidelberg.  These  years  fell  into  the  most  brilliant  period  of  the  most 
beautiful  of  German  universities,  and  Kirchhoff  himself  contributed 
iDDch  to  the  increase  and  preservation  of  Heidelberg's  fame. 

Indeed,  when  Kirchhoff  came  to  Heidelberg,  the  University  of  that 
tovu  held  an  undisputed  rank  as  the  foremost  of  the  German  universi- 
tieB,tbroagh  the  renown  of  its  teachers  in  law  and  history.  A.  v.  Tau. 
Senw  exercised  an  incomparable  attraction  through  his  celebrated 
lectures  on  the  Pandects;  at  bis  side  worked  men  like  Wittermaier, 
Benaad,  MobI;  the  historians  Scblosseu,  Weber,  Gervinns,  H&usser 
have  a  world-wide  renown.  They  raised  the  level  not  only  of  scientific 
—but  even  of  social  life  to  such  a  bigh  standard  that  all  who  partook  of 
it  preser^-e  forever  the  recollection  of  those  days.  A  circle  arose  around 
Biusser  in  particular,  which  took  its  first  beginning  from  {tolitical 
grounds,  bat  became  afterwards  the  seat  of  an  enchanting  and  cheerful 
couriviality.  Among  the  scientists,  Kirchhoff's  predecessor  Jolly,  the 
anatomist  Henle,  the  clinicitl  physician  Pfeuffer,  all  belonged  to  this 
drcle;  and  Buusen,  who  was  already  famous  when  he  came  in  18.52  to 
fieidellwrg,  was  one  of  its  foremost  members. 

Robert  Bnoeen,  whose  friendship  with  Kirchboff  became  as  eventful 
in  the  annals  of  German  science  as  that  of  Gauss  and  Weber,  made  his 
acquaintance  at  Breslau.  It  was  through  Bunsen's  influence  that  Kirch- 
hoff received  a  call  to  Heidelberg. 

The  lai^e  public  knew  nothing  of  Kirchhoff  at  the  time  his  Berlin 
andBreslaa  papers  could  only  be  appreciate<l  by  bis  fellow-physicists. 
There  was  a  great  surprise  at  Heidelberg  accordingly,  when — heartily 
recommendeil  by  Bansen — there  came  au  auusnally  young,  gentle,  shy 
and  modest  North  German.  His  fine,  spirited  talk,  his  amiable  manneis 
foil  of  courtesy  to  every  one,  and  his  keen  sense  of  wit  and  humor  won 
tbe  hearts  of  those  who  came  neiirerto  him.  Kirchhoff  became  accoijd. 
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ingly  a  favorite  guest  M  the  cheerfal  meetioga  of  tbin  circle  at  Ilaiuser'e 
friends.  But  it  was  with  Buiiseu  particularly  that  Kircbhofi  came  iutu 
a  cloBB  ooQuectiou  iu  tho  first  years  of  his  sojouro  at  Heidelberg.  Bnir 
sen  was  hia  elder  by  thirteen  years ;  atrong,  broad  sboaldered,  of  a  more 
vivacioDS  t*'mper  and  of  a  more  immediate  iuflneace,  Baosen  etrack 
with  awe  one  and  all  by  the  plenitude  of  hie  powers.  Thus  the  t«u 
men  were  iu  exterior  very  different  from  each  other.  It  is  a  &ct  bow 
ever  that  Buusen  and  Kirchboff  not  only  accomplished  together  their 
great  works,  but  even  spent  together  their  bachelor  days  as  true  frieadH. 
They  took  (rii>8  together  to  tbe  magnifloieut  environs  of  Heidelberir, 
they  travelled  together  dnrlhg  the  summer  holidays,  and  even  coalil 
ofteu  be  seen  together  of  au  evening  at  the  small  Heidelberg  theater, 
an  amusemeuc  in  which  Kirchhoff  particularly  took  a  great  dellgbt 
from  the  days  of  his  youth. 

They  did  not  part  company,  as  is  usually  the  case,  even  when  Kirch- 
hoff, towards  the  end  of  the  sixth  decade  of  onr  century,  married  tbe 
young  and  charming  daughter  of  bis  Konigsberg  Professor  Kicbelot 
It  was  in  fact  during  the  years  l!^9-'02  that  the  two  investigators,  start 
iagfrom  a  research  of  BuuHeu,  made  and  accomplished  together  the 
great  discovery  of  spectrum  analysis. 

Towards  the  begiuuiiig  of  tbe  seventh  decade  Eircbboff  moved,  at  tbe 
same  time  with  my  father,  to  the  newly  erected  Frederick  Hall,  the  first 
great  institution  in  Gerniauy  devoted  wholly  to  the  furtherance  of  re- 
sources in  natural  science.  It  was  ati  external  manifestation  of  the  fact 
that  the  center  of  gravity  of  the  Heidelberg  University  gradoall)' 
shiftod  from  law  and  history  to  natural  science  and  medicine.  Tbe 
philosopher  Zeller,  tbe  mathematician  Hesse,  afterwnrds  K5nigsberger, 
the  chemist  Kopp,  the  clinician  Friedreich,  my  father  as  physiologist, 
all  received  calls  to  the  institution.  The  Frederick  Hall,  became  a  kiud 
of  branch  ouiversity.  In  this  building  I  spent  tbe  days  of  my  child- 
hood j  Kirchhoff's  apartments,  as  well  as  the  apartments  of  my  pareute 
under  tbem,  and  the  whole  Frederick  Hall,  coalesce  into  one  image  in 
my  memory.     Large  lecture-rooms  and  inuseuuis,  with  eniguiaticnl 

ological  names,  stnfi^l  animals,  chemical  and  anatomical  smells, 

acoustic  sounds,  then  crowds  of  students  (Russian  lady  students  anMNig 
them)  overdooding  at  regular  iutervids  the  passages  and  the  yards,  to 
the  great  annoyance  of  children,  while  going  to  hear  lectures  by  tbeir 
(the  annoyed  children's)  fathers,— these  are  the  impressions  that  time 
has  left  me. 

Kircbhoff  spent  there  happy  years.  His  name  was  already  famous 
through  bis  discovery  of  spectrum  analysis,  so  that  his  laboratory  aud 
his  lectures  became  the  most  frequented  ones.  With  bis  wile,  bis  four 
children,  and  bis  nearest  friends,  he  led  a  happy  life  made  cheerfal 
through  convivial  intercoorse. 

Unfortunately  these  in  every  respect  pleiisant  circnmsiauces  came  to 
an  end  already  towards  the  close  of  the  seventh  decade.    In  oonseqoeuce 
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of  ■  fall  on  the  staircase,  he  saffered  from  a  sore  foot,  which  compelled 
him  for  a  loag  time  to  move  only  on  a  rolliug-chair  or  by  means  of 
cratches.  It  waa  only  at  Berlin  that  he  ncqaired  again,  after  many  re- 
lapses, his  power  of  locomotion,  but  oven  after  that  he  enjoyed  hia  com- 
plete health  only  occasionally.  He  lost  his  wife  about  the  same  time, 
n  that  his  family  life  broke  asunder.  Some  of  hia  fiiends  [Hansser, 
Vaagerow)  died ;  others,  like  Feller  and  my  father,  received  calls  to 
Berlin.  But  accidents  to  his  person  could  endanger  bis  life,  not  his 
»ork.  He  continued  to  perform  his  task  as  a  teacher  and  an  investiga- 
tor under  the  most  difficult  circumstances  and  alter  most  severe  trials, 
with  a  stoical  foithfulnesa  to  duty  and  with  iron  consistency.  His  owu 
person  and  his  science  should  have  notliiog  to  do  with  one  another. 

A^erwards  Kirchhoff  married,  as  a  second  wife,  Louise  Bn5mmel,  at 
the  time  matron  of  the  aniversity  clinical  hospital  for  the  diseases  of 
(he  eye.  His  inexhanstibly  cheerful  and  amiable  temper  made  this 
vecood  marriagea  happy  one  too,  notwithstanding  hie  ft^qnent  ill  health. 

In  the  year  1875,  Kirchhoff  received  and  accepted  a  call  to  the  Uni- 
nrnityof  Berlin,  after  having  refused  previously  an  invitation  to  be- 
come a  director  of  the  projected  solar  observatory  ut  Potsdaui. 

Whether  a  life  at  Berlin  is  to  be  considered  as  au  advantage  for  a 
scientist  may  be  donbted.  The  teacher  acquires  a  larger,  richer  field  for 
his  activity,  bnt  just  so  much  more  is  there  loss  of  time  for  the  investiga- 
tor. Kirchhoff,  however,  owing  to  bis  infirm  health,  suftered  but  little 
from  the  turmoil  of  tlie  capital.  He  did  his  work  as  usual;  be  published,  - 
as  be  used  .to,  a  paper  or  so  every  year  in  the  re)K>rts  of  the  academy;  be 
did  eiperimental  work  too  in  the  laboratory  of  bis  friend,  O.  Hanse- 
mann.  He  it  was  who,  after  continoous  separation  from  Buosen,  stood 
Dearest  to  him  as  a  co-worker  and  friend. 

Bnt  the  most  favorite  and  admirable  work  of  Kirchhoff  at  Berlin  (in 
tact  nniqne  in  its  effect)  was  his  coarse  of  lectures  on  mathematical 
physics.  His  delivery  captivated  one  and  all  through  its  external  finish 
»Dd  the  precision  of  exposition.  Not  a  word  too  little  or  too  much;  be 
never  bungled,  hesitated,  or  made  himself  guilty  of  a  want  of  clearness. 
The  terseness  of  his  calculus  was  truly  admirable, — a  quality  not  eauy 
to  explain  to  an  outsider.  The  whole  snbject  rose  before  a  hearer  in 
the  shape  of  a  highly  artistic,  classically  perfect  frame-work,  iu  which 
every  part  could  be  logically  deduced  from  some  other,  so  that  it  was 
even  an  {esthetic  pleasure  to  follow  Kirchhoff's  deductions.  In  fact 
KircbboS^s  lectures  though  intrinsically  they  belong  to  the  most  diffi- 
cnlt,  ought  to  be  intelligible  to  every  one — even  the  less  gifted — pro- 
vided of  course  he  is  acquainted  with  the  instrument  used,  the  matbe- 
oatical  language.  It  may  happen,  and  it  happene<l  often  indeed,  that 
one  was  not  able  to  see  the  arrangement  nf  what  w^  put  before  bfm, 
could  not  understand  why  and  to  what  purpose  Eirchliotf  made  such 
and  such  a  deduction,  bnt  to  follow  the  train  of  his  master's  Iboughts, 


to  tbink  the  whole  over  and  to  reproduce  it  afterwards  was  with 
of  every  on«. 
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Paradoxical  fts  it  may  seem,  it  was  uot  impottsible,  without  ever  bar- 
iug  uuderstood  Kircbhoff,  to  write  bis  lectures  as  a  first-rate  book  bjr 
meuDS  of  the  uotes  alone.  It  is  to  tbis  qnality  of  Kirchhoff'a  dialectics 
tabsoliitA  clearness  and  self  comprehension),  that  he  owed  a  large  part  of 
bis  success  as  a  teacher.  Daring  nine  years  Kircbboff  was  able  lode- 
liver  his  lectures  at  Berlin  without  interruption.  Bat  it  became  more 
and  more  apparent  to  us,  bis  bearers,  what  exertion  they  reqaired  from 
him  and  how  be  was  obliged  to  gather  his  last  strength  in  order  to  keep 
himself  on  bis  feet.  Nevertheless  he  was  always  punctual  to  the  minute, 
and  the  excellence  of  his  leetnres  remained  unimpaired.  At  last  (1884) 
be  was  prohibited  lecturing  by  the  physicians;  he  took  up  however 
this  favorite  occupation  of  his  once  again  fur  a  short  time.  It  became 
apparent  however  that  palsy  made  him  unable  to  move,  and  KirdiboS 
was  reduced  entirely  to  his  own  home,  to  the  rolling  chair,  and  to  the 
care  of  his  family.  Tn  the  last  two  years  of  his  life  one  would  see  him 
always  cheeiful  and  amiable,  sitting  in  bis  arm-chair  and  preserving  a 
vivid  interest  in  all  problems.  Never,  not  even  once,  did  a  complaint 
escape  his  lips,  though  he  must  have  beeu  wt-Il  aware  of  the  dediae  of 
bis  forces.  Death,  which  came  unawares  during  his  sleep,  delivered  him 
from  worse  suffering. 

We  lost  in  him  a  perfect  example  of  the  true  German  iuTestigator.  To 
search  after  truth  in  its  purest  shape  and  to  give  it  utterance  with 
almost  an  abstract  self  forgetful  ness,  wan  the  religion  and  the  purpose 
■  of  his  life.  He  loved  and  furthered  science  only  for  her  own  sake; 
every  embellisbmeut  exceeding  the  limits  of  what  was  logically  proved, 
would  appear  to  him  as  a  profanation, — any  admixture  of  personal  mo- 
tives, or  grasping  at  honors  or  lucre,  would  seem  to  him  worthy  of 
blame.  And  in  life  as  well  as  in  science,  he  carried  out  what  he  con- 
sidered his  duty  as  a  man,  a  citizen,  or  functionary,  with  a  logical  rigor 
divested  of  all  personal  motives.  But  the  knowledge  of  good  alooe  does 
not  make  a  man  a  goo<l  oue,  not  even  the  will  or  the  power  to  execute 
it.  It  was  only  Kircbbofi's  kindness  of  heart  and  humaneness,  which  if 
not  demonstrative  aud  warm  in  the  espressiou  of  feelings,  were  tlii3  more 
pure  and  genuine,  that  made  of  him  a  true  friend,  a  self-forgetful  co- 
worker, the  teacher  ready  to  help,  the  judge  ready  to  acknowledge  the 
merits  of  others;  in  short,  a  man  that  all  of  us  loved.  I  have  a  fine 
iustauce  lying  before  me  of  how  friendly  aud  obliging  he  was,  even 
toward  the  hnmblesi  of  his  fellow-men.  A  poor  workman — many  would 
have  taken  him  to  be  insane — applies  in  a  letter  to  Kircbboff  for  an 
explanation  of  pessimistic  doubts  that  torture  him.  "No  physiciau,  do 
priest,  or  any  other  materialistic  egotist  can  help  me,  bat  only  a  man  of 
a  truly  scientifto  educational  training,  an  investigator  and  thinker  him- 
self, who  does  not  consider  himself  too  much  above  any  of  bis  fellov- 
inen,  placed  below  him  by  birth  aud  circuoistauces,  to  communicate  bis 
conviction  free  of  any  compromise.  When  people  tell  me  I  am  a  work- 
man aud  must  not  trouble  myself  about  such  niattters,  I  answer  that  not 
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all  men  arenlike;  tliat  in  nil  classes  of  ini^ii  art*  iiiilividuals  tbat  have 
Dot  oul;  material,  but  also  spiritual  wantu.  Not  all  scieiices  tUat  are 
knoffo  were  developed  by  scieotists  aloue,"  etc.  Many  a  one  would 
liave  noiply  laid  aside  the  workmaa'a  letter.  KirchbofT  however  wrote 
to  him  a  well-considered  reply,  as  the  minute  nhows,  where  among 
other  tbiDgs  we  read :  "  Tbat  there  are  snch  limits  to  our  knowledge  of 
Qatare,  moat  be  borne  with  patience  by  every  sound  mind  whether  be 
be  a  scientist  or  a  workman.  I  can  only  advise  yon  to  leave  off  all 
unpossible  aspirations  and  trying  to  conceive  things  tbat  are  beyond 
coDception.  This  requires  a  struggle,  but  a  struggle  is  tbe  lot  of  many 
men  of  all  professions.  Tbe  best  help  is  to  devote  one's  self  to  tbe  task 
which  has  fallen  to  one's  lot,  and  to  fulfill  the  duties  of  the  position  in 
which  one  is  placed."  And,  in  fact,  Kirchhoff  fulfilled  himself  tbe  duties 
of  his  position.  He  was  really  "tbe  truly  noble  mind,  free  from  all 
^tistic  sham,"  the  workniau  was  looking  for.  As  for  us,  we  are  only 
inclined  to  ask  wbicb  to  admire  more,  the  greatness  of  bis  mind  or  the 
Btrengtb  of  bis  will  that  lifted  him  so  bigb  above 

"Tb«  vulgar,  which  we  &1I,  alas,  obey!" 

We  have  tried  to  portray  Kirchhoff  aa  be  appeared  to  us,  bis  contem- 
poraries, as  a  man  and  aa  a  teaAer.  His  works  will  outlive  him  and 
will  be  appreciated  according  to  their  merit  only  by  posterity.  To  us, 
his  pupils,  falls  the  task,  even  if  we  do  not  belong  to  physics,  to  make 
apparent  what  science  owes  to  bim.  One  is  apt  in  sucb  cases  to  lay 
the  chief  stress  on  tbe  practical  results  of  hia  works,  to  adduce  their 
inflnence  on  technics  and  industry.  While  speaking  of  Eircbbofi^s 
works  one  mnst  however  keep  free  from  such  a  bias,  first  because 
the  chief  value  of  many  of  his  papers  lies  not  in  the  application  but 
iQ  the  method;  secondly  sucb  considerations  would  have  been  antipa- 
thetic to  his  own  mind.  Kirchhoff  never  asked  himself  "  What  is  the 
use  of  thy  brooding  and  searching  f"  What  be  had  to  expound  he 
eiponnded  in  the  way  best  suited  to  tbe  thing  itself,  and  in  as  general 
a  manner  as  possible,  without  paying  any  attention  to  accessory  pur- 
poses. "I  think  I  have  found  such  and  such  a  thing,  and  I  take  the 
liberty  of  giving  a  demonstration  of  it  in  what  follows."  Sucb  is  the 
beginning  of  the  most  of  his  papers.  His  writiugs  are  less  voluminous 
than  might*  have  been  expected.  His  forty  papers — product  of  aa 
many  years — are  collected  into  a  volnme  of  moderate  dimensions.  He 
pablisbed  besides,  a  report  on  bis  <*  Researches  on  the  solar  spectrum 
and  the  spectra  of  tbe  chemical  elements"  and  a  volume  of  lectares 
on  mechanics,  the  latter  his  most  mature  and  perfect  work. 

What  an  immense  amount  of  brain  work  is  here  condensed  into  the 
amallest  space  possible!  Kircbhoff's  style,  like  his  delivery,  was  a 
model  of  the  most  clear  and  concise  diction,  absolutely  classical  in  tbi^ 
Babject  concerned.  The  wonla  stand  as  if  hewn  in  stone,  each  one  at 
its  place,  the  logical  comprehension  of  each  duly  considered  ;  we  find 
here  condensed  into  a  few  lines  what  would  have  taken  others 
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describe;  uuly  wbeii  tbe  existing  wordo  8e«ui«(l  uot  preoise  enoagh,  lie 
uaes  circomlocutions  and  defloitions,  and  that  mostly  iu  tuatherastical 
laugiiage.  He  held  tbe  liigfaest  rauk  among  those  who  strove  to  re- 
move from  exact  sciences  all  want  of  clearnesa,  all  subjective  jndg- 
menta,  all  pbrases.  The  iudnence  of  such  au  endeavor  will  transcend 
tbe  limits  of  bis  particnlar  science. 

Tbe  most  popular  of  Kirchhofl''8  works  i-*  bis  epectrnm  analysis.  It 
bad  in  fact  most  extraordinary  couseqneuces  of  tbe  most  palpable  kind, 
and  has  become  of  tbe  highest  importance  for  all  branches  of  natural 
science.  It  has  excited  tbe  admiration  and  stimulated  tbe  fancy  of 
men  as  hardly  any  other  discovery  has  done,  because  it  has  permitted 
an  insight  into  worlds  that  seemed  forever  veiled  for  as.  It  is  accord- 
ingly the  most  celebrated  of  EirohhoflTs  discoveries. 

But  however  wonderAi)  the  results,  what  seems  to  us  more  admirable 
Btill  is  tbe  traly  masterly  work  itself,  the  anasually  keen  and  attbosame 
time  ingenious  and  diligent  way  in  wbich  Kirchhoff  deduced  from  tbe 
outset,  ^om  an  accidental  observation,  ageneral  theoretical  law  and  all 
tbe  snrprising  inferences,  and  demonstrated  them  with  full  strictness 
and  certainty.  Great  men  bad  already  held  in  their  hand  before  him 
the  threads  of  bis  discovery  without  being  able  to  anravel  tfaem.  The 
French  as  well  as  English  brought  forward  and  still  produce  vtaiins 
of  priority.  Eircbhoff  repelled  them  qnietly  but  firmly.  All  had  seen 
something,  made  guesses,  considered  as  possible  or  probable  (witboat 
Kirchhoff  having  been  aware  of  it  at  tbe  time,  however),  A  solid  basis, 
a  rigorous  demonstration  bad  been  given  by  nobody ;  it  was  reserved 
to  the  acuteness,  thoroaghness,  and  perseverance  of  a  Oerman  searcher 
to  elevate  tbe  lucky  guess  to  the  rank  of  a  sure  knowledge. 

Spectrum  analysis  in  the  narrowest  souse,  t.  e.,  the  "  analysis  of  the 
chemical  elements  by  means  of  spectral  observations,"  is  due,  if  we 
wish  to  make  a  distinction,  to  an  idea  and  a  suggestion  of  Bunsen's. 
Among  the  most  ingenious  performances  of  Bunsen  may  be  reckoned 
certain  very  simple  physical  methods  of  qualitative  chemical  analysis, 
t.  0.,  the  detection,  and  tbe  discrimination  of  chemical  elements.  A 
charaoteristfc  re-action  of  this  kind  he  fonqd  to  be  the  coloring  of  non- 
luminous  flames.  Each  chemical  element  vaporizedorbnrnedinanou- 
lu mi nou^  flame,  for  instance  a  blue-burning  gas-flame,  imp'arts  to  it  a 
definite  characteristic  coloring.  We  should  be  able  accordingly  to 
recognize  each  substance  by  tbe  light  its  incandescent  vapor  emits  if 
our  eyes  had  tbe  power  to  distinguish  as  many  differences  of  color  as 
there  are  sabstances  in  nature.  Kirch  tiotf  and  Bunseu  helped  tbe  eyes 
however  by  decomposing  the  light  of  flames  into  its  separate  colors  by 
means  of  a  prism.  This  gives  rise  to  the  tpeutmm  of  tbe  flame.  The 
rainbow  is  a  natural  spectrum  of  the  solar  light  made  by  the  rain-drops. 
But  this  spectrum,  as  well  ns  the  spectra  of  all  glowing  solid  or  liquid 
bodies,  offers  quite  another  aspect  from  tbe  spectra  of  flames,  i.  e.,  in- 
candescent gases.    The  first  consist  of  known  colors  varj'ing  in  a  con- 
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tioiions  way  from  one  to  anotlier;  the  secoud  cooeist  of  differeot  bright 
lines  separated  by  daric  spaces,  which  bright  lines  have  not  only  char- 
acteriatic  colorings,  but  are  placed  iuparticniar positions andatdeflnite 
internals.  Jnstaswe  recognize  the  constellation  by  their  cunfignratioDS 
and  different  brigfatneBses  of  their  stars  so  do  wedistinguish  the  spec- 
trum  of  iron  from  the  spectrum  of  copper  by  the  respective  distances  and 
coloring  of  their  lines.  We  could  even  do  withoat  colors ;  it  woald  be 
safScientto  measnre  by  means  of  a  scale  the  intervals  between  different 
lines  in  order  to  recognize  by  means  of  Kirchhoffand  Bansen's  tables  the 
element  we  have  before  us.  It  may  seem  amazing — but  it  is  true — that 
a  color-blind  man  coold  know  with  absolute  certainty  what  colors  a 
Uameemitel  The  greatest  advantage  ofa  method  in  natural  science,  its 
independence  of  all  subjective  judgment,  was  bestowed  on  spectrum  an- 
alysis by  its  discoverers.  The  main  part  of  Eircbbofi'  and  Bunseu's 
work  and  their  chief  merit  is  however  the  demonstration  of  the  validity 
of  the  method,  viz,  that  the  confignration  of  lines  depends  only  on  the 
chemical  nature  of  the  luminous  incandescent  vapor,  not  on  its  temper- 
ature or  other  elements  with  which  iL  is  combined,  and  not  on  the  nature 
or  the  flame  in  which  it  glows  or  other  accessory  circumstances.  Of 
this  a  carefally  worked  out  experimental  proof  was  given,  and  Bunsen 
vas  accordingly  able  long  ago  to  make  the  perfectly  safe  assertion  that 
he  discovered  by  means  of  bis  s|>ectram  analysis  a  new  element,  because 
the  salt  from  a  certain  mineral  spring  showed  unknown  lines.  Nowa- 
days spectrum  analysis  is  the  most  sensitive  chemical  method  of  de- 
composition. And  nevertheless,  what  is  still  more  astonishing  is  the 
farther  discovery  made  by  KirchhoB',  by  means  of  this  method  discov- 
ered jointly  with  Bunsen.  Kircbboff  happened  to  let  a  solar  ray  pass 
throngb  a  dame  colored  with  sodium  and  then  tbrongb  a  prism,  so  that 
the  spectrum  of  the  snn  and  of  tbe  flame  fell  one  upon  another.  It 
Via  to  be  expected  that  the  well  known  yellow  line  of  sodium  would 
come  out  in  the  solar  spectrum;  but  it  was  Jnst  the  opposite  that 
took  place.  On  the  spot  where  the  bright  line  ought  to  have  shown 
itself  there  apiieared  a  dark  line.  To  Kircbboff  this  reversal  of  the 
sodium  line  appeared  at  once  iu  the  highest  degree  remarkable,  and 
be  suspected  immetliately  tbiit  some  fundamental  law  was  lurkingthere. 
The  fact  had  been  noticed  by  others  (as  was  proved  aftorwards),  and 
that  by  men  of  tbe  highest  renown.  It  was  reserved  however  to 
Kirchhoff*s  genius  to  detect  and  to  pick  up  the  treasure  of  new  truths 
that  lay  hidden  there.  Already  on  tbe  day  following  the  experiment 
hewas  able  to  deduce  and  to  explain  the  phenomenon  from  a  more 
general  principle  which,  strange  to  say,  belonged  not  to  optics  bnt  to 
the  theory  of  lieat.  From  a  proposition,  very  remote  iu  appearance, 
that  heat  passes  only  from  a  body  of  a  higher  tem)>eratnre  to  one  of 
a  lower  and  not  inversely,  he  deduced  by  dint  of  purely  logical  infer- 
ences the  fact  of  the  reversal  of  tbe  sodium  line.  Tbe  middle  term  in 
the  syllogism  was  given  by  the  celebrated  Kircbhofi^s  lawoti-the  enais- 
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Bion  and  absorption  of  light  aud  heat  by  bodies,  which  says  that  all 
bodies  absorb  chiefly  those  ray8,.thosecolors  they  emit  themaelvea,  and 
that  the  ratio  of  the  absorbed  aud  the  emitted  amoaot  of  light  is 
one  aud  the  same  in  all  bodies  however  different.  The  paper  where 
this  law  is  proved  is  the  most  beautiful  Eirchhoff  ever  composed, 
although  there  istbesinalleatamoRntof  mathematics  in  it.  The  history 
of  this  law  might  serve  as  a  model  for  the  work  of  a  student  of  oataie ; 
the  law  is  vigorously  deduced  from  well-huown  general  propoaitious ; 
but  says  itself  something  new ;  it  gives  the  different  particalar  infer- 
ences which  are  to  be  verified  by  experiment.  It  will  be  the  lot  of  a 
few  only  to  make  such  discoveries,  bnt  all  ought  to  consider  as  a  model 
to  imitate,  the  diligence,  theeonclasiveuess,  and  the  care — and  not  less 
the  great  modesty — with  which  Kirchhoff  commuuicates  his  didcovery  to 
the  world ;  "  On  the  occasion  of  a  research  made  jointly  with  Bnnsen  on 
the  spectra  of  colored  flames,  by  means  of  which  it  became  possible  to 
us  to  recognize  tfae  qualitative  composition  of  complex  aggregates  by 
inspection  of  their  blow-pipe  flames,  I  made  some  observations  that 
give  an  aoexpected  disclosure  as  to  origin  of  Fraunhofei's  lines,  aud 
justify  the  inference  to  be  drawn  from  them  as  to  the  material  consti- 
tution of  the  solar  atmosphere,  nnd  perhaps  of  those  of  the  brightest 
stars."  These  words  show  that  Eirchhoff  bimsetf  made  the  wonderful 
application  of  his  law.  The  Fraunhofer's  lines  to  which  he  alludes  are, 
as  is  well  known,  fine  dark  bands  that  furrow  the  solar  spectmro,  such 
AS  it  is,  even  without  the  help  of  a  flame.  The  nature  of  tJiese  lines  was 
at  first  very  enigmatic.  The  just  described  experiment  of  Eirchhoff 
shows  however  that  artificial  Frauuhofer's  lines  may  be  produced  by 
means  of  a  flame.  The  inference  was  near  that  the  natural  lines  are  pro- 
duced by  the  same  cause  as  the  artificial  ones,  that  they  are  reversed 
gas  spectra,  and  that  the  light  of  the  glowing  solar  body  has  already 
traversed  somewhere  incandescent  gases,  before  it  reached  the  earth. 
We  may  go  further,  however.  When  the  artificial  lines  coincide  with  the 
Fraanhofer's  lines,  as  (for  instance),  Eirchhoff  proved  to  be  the  case  for 
iron,  sodium,  or  nickel,  one  may  conclude — taking  on^s  stand  on  the 
joint  research  of  Eirchhoff  and  Buusen — that  these  chemical  elements 
are  found  in  those  hypothetical  incandescent  gases.  The  fact  that  tfae 
sun  consists  of  a  glowing  liquid  nucleus,  surrounded  by  an  envelope  of 
luminous  vapors,  and  above  all  that  these  vapors  contain  the  terrestrial 
substances  whose  line-spectra  coincide  with  Fraunbofer's  lines,  this  fact 
was  inferred,  "with  as  much  certainty,"  says  Eirchhoff,"  "  as  can  be 
attained  in  natural  science." 

It  is  a  characteristic  trait  of  Eirchhoff  that  he  calculated  numerically 
this  certainty.  It  would  be  possible  for  the  bright  lines  of  iron,  for  in- 
stance,  to  coincide  by  mere  chance  with  Fraunbofer's  lines;  but  the 
probability  for  sucli  an  event  was  found  to  be  equal  to  T,ini57nAi75irrt:ffsB 
(one-billionth),  au  almost  evanescent  quantity.  "There  must  l>e  a 
cause  that  occasions  the-se  coincidences,"  says  Eirchhoff.    "  An  adequate 
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cause  can  be  produced ;  the  observed  fact  may  lie  esplaiued  if  it  be  ad- 
mitted that  tbe  ray»  of  light  that  make  the  solar  spectrum  have  trav- 
ersed vapors  of  iroD  and  suffered  an  absorption  such  as  vapors  of  iron 
fCeneralJy  produce.  It  is  at  the  same  time  tbe  only  cause  that  cau  be 
adduced ;  its  adoption  seems  accordiogly  necessary." 

We  may  insert  here  a  story  that  KircbhoGT  liked  to  relate  himself. 
The  question  whether  Fraunhofer'a  liues  reveal  the  presence  of  gohl  in 
tbe  BUD  was  being  investigated.  Kirchhoff's  banker  remarked  on  this 
oceasion:  *' What  do  I  care  for  gold  in  the  sun  if  1  can  not  fetch  it  down 
heret"  Shortly  afterwards  Kirchhoff  received  from  £nglaud  a  medal 
for  his  discovery,  and  its  value  in  gold.  While  handing  it  over  to  his 
banker,  he  observed:  *'Look  here,  1  have  succeeded  at  last  in  fetching 
some  gold  from  the  sun."  As  to  Kirchhoff's  own  opinion  of  the  impor- 
tance of  this  law,  it  wasquiteindifferent  to  him,  as  stated  above,  whether 
the  law  admitted  of  any  application  to  the  investigation  of  the  nature  of 
tbe  sun  and  fixed  stars,  or  had  only  a  theoretical  interest.  As  a  char- 
acteristic trait  of  him  may  be  mentioned  that  in  his  tiieoretical  lectures 
he  never  says  a  single  word  about  tlie  region  to  which  access  was  gained 
through  bis  discovery,  and  in  his  collected  papers-  he  grants  it  a  place 
only  near  the  end. 

The  other  papers  of  Etrcbhoff  treat  varions  subjects  of  mathematical 
physics.  Those  concerned  with  electricity  are  the  most  numerous.  A 
whole  series  of  them  Is  devoted  to  the  calculation  of  the  paths  the  elec- 
trical cnrrent  takes  in  bodies  of  different  shape  or  in  a  net- work  of  cou- 
dnction.  There  is  a  Kirchhoff's  law  about  it  too,  which  is  of  funda- 
mental importance  for  the  investigation  of  tbe  distribution  of  the  How 
of  electricity  in  complicated  conditions  of  conduction.  Another  series 
of  papers  treats  of  the  distribution  of  static  electricity  and  magnetism. 
These  were  in  part  celebrated  problems  on  which  the  greatest  of  his 
predecessors  (like  Poisson),  bad  already  tried  their  forces  and  had  not 
succeeded  in  mastering  them  so  completely  as  Kirchhoff.  He  was  the 
first  to  apply  the  so-called  mechanical  theory  of  heat  to  chemical  pro- 
cesses, and  by  this  application  he  bridged  the  way  to  the  connection  of 
different  branches  of  natural  science  by  means  of  mechanical  principles. 
The  basis  of  the  mechanical  theory  of  heat,  the  law  of  the  i>ermanency 
of  work,  as  Kirchhoff  styled  it,  is  according  to  him  undoubtedly  the 
most  important  accession  of  knowledge  gained  in  oar  century  in  the 
region  of  natural  science.' 

The  brilliant,  various,  and  apparently  complicated  phenomena  of 
light,  Kirchhoff  deduced  in  his  lectures  on  optics  from  the  purely  me- 
chanical theory  of  an  elastic  body.  That  asther  is  such  a  body  is  a  hypoth- 
esis which,  though  enunciated  by  Kirchhoffs  predecessors,  was  worked 
out  by  him  in  a  particularly  vigorous  way.  Nevertheless,  all  phenomena 
can  not  be  explained  by  such  a  supposition.  That  Kirchhoff  developed 
this  hypothesis  and  this  only,  and  contented  himself  with  mentioning  at 
*  His  diBoonrae  aa  rector  of  Heidetlierg  IToivHrsit;  18t>l>. 
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the  eml  uf  hia  course  wbat  circumstances  spoke  agaiutjt  bU  hypotbeiiig 
aud,  ill  this  way,  demolished  before  tbe  eyes  of  tlie  students  tUe  whole 
strnctare,  is  to  be  accounted  for  by  bis  idea  of  tbe  scope  aud  tbe  limits 
of  tbe  investigation  and  interpretation  of  nature. 

On  such  occasions,  I  must  confess,  1  asked  myself  many  a  time, 
"What  fort  Why  develop  a  theory  that  leads  to  contradiction  with 
experiment  t  Is  tbe  jirobing  of  nature,  ff^r  EirchhotT,  only  the  greatest 
and  tbe  most  interesting  exercise  in  calculation  T" 

In  answer  to  Bucb  doubts  1  shall  adduce  bis  own  words  in  hisdisconrse 
delivered  in  1S65,  as  rector  of  Heidelberg  Uuiveraity  "on  the  scope  of 
the  natural  sciences."  He  says  there:  "There  is  a  science  called  me- 
ohantcs,  whose  object  is  to  determine  tbe  motion  of  bodies  when  the 
causes  that  occasion  them  are  known.  •  •  -  Uechaoics  is  a  twin  sis 
ter  of  geometry ;  both  sciences  are  applications  of  pure  mathematics; 
the  propositions  of  both,  as  to  their  certainty,  stand  on  the  same  level; 
we  have  jnst  as  much  right  to  ascribe  absolute  certainty  to  mechanical 
theorems  as  to  geometrical."  Aud  further:  "If  we  were  acquainted 
with  all  the  forces  of  nature  and  knew  what  is  the  state  of  matter  at  a 
certain  moment  of  time,  we  should  be  able  to  dednce  by  means  of  me- 
cbauica  its  state  at  every  subsequent  moment,  and  to  dednce  how  the 
various  natural  phenomena  follow  and  acwompany  each  other.  The 
highest  goal  the  natural  sciences  must  strive  to  attain  is  the  realization 
of  the  just  mentioned  auppostion,  -  -  -  viz,  the  reductioD  of  all 
natural  phenomena  to  mechanics.  We  shall  never  attain  the  goal  of  th<^ 
natural  sciences,  but  even  tbe  fact  that  it  is  recognized  as  such  offemt 
certain  satisfaction,  and  in  approximating  to  itlies  the  highest  pleasum 
to  be  derived  from  the  study  of  natural  phenomena." 

I  mast  mention  besides  the  famous  words  with  which  Eirchboff  com- 
mences his  Mechanics,  pnblished  in  1875:  "Mechanics  is  tbe  scieuot 
of  motion;  its  object  tuay  be  stated  to  be  to  describe  in  the  most  oom 
j)Ie(«  and  simple  tea;  the  motion  that  takes  place  in  nature."  Tbe  dif 
I'erence  between  tbe  first  and  the  lost  definition  of  raechauics  is  worthy 
of  notice.  At  the  former  time,  and  before  the  large  public,  Kircbhotf 
apoke  of  causes  of  motion.  Kow,  aud  in  a  strictly  mathematical  book, 
the  word  and  the  notion  of  cause  do  not  appear.  The  iuterpretation 
of  nature  is  given  up  ;  the  only  thing  looked  for  is  tbe  simplest  possibk' 
description  of  nature.  These  introductory  words  of  bis  Mechanics, 
and  their  working  out  in  the  book  itself  are  tbe  most  consequent,  (af- 
reaching  expression  of  RircbhoGT's  way  of  looking  at  uatnre.  He 
makes  no  hypothesis  as  to  the  possibility  of  arriving  at  a  knowledge  of 
things  in  themselves.  He  wants  only  to  portray  the  phenomena  in  a 
logically  certain  form.  In  relation  to  tbe  sensible  worid  (according  to 
Kant)  we  havelogical(tbati8tosay,(iprM>rt)  certainty  only  of  thepropo- 
aitious  of  geometry  and  mechanics,  tbe  last  distingnished  from  tbe  first 
on  accountof  their  requiring,  besides  the  three  dimensions  of  space,  the 
fourth  one,  time,  and  the  notion  of  a  mobile  matter.    With  tbe^e  three 
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fondameDtal  notious  of  space,  time,  aud  matter,  Kirchlioff  trieH  to  make 
liiN  way  to  the  description  of  the  facts  of  esperieiice  and  goes  beyoDd 
liis  predecessors  by  (lelineatiufr  hy  meaus  of  pure  geometry  tlie  sap- 
posed  logically  fuDd»meutal  notioti'4  of  force  and  mass.  Force  in  to  him 
the acceleratiou  (change of  velocity)experienced  by  a  material  particle 
io  anoibof  time;  the  knowledge  of  all  these  accelerating  forces  in  a 
given  moment  of  time  wonld  snfflce  to  describe  the  world  ;  exi>erlence 
has  sbown  however  that  the  description  gains  in  simplicity,  if  we  mul- 
tiply the  acceleration  by  a  certain  positive  constant,  called  mast  of  the 
moving  particle.  I  have  mentioned  this  abstract  train  of  thought  be- 
cause it  is  very  characteristic  of  Kirchbofi*.  The  necessity  of  looking  at 
natural  forces  as  something  really  existing,  or  the  mass  as  something 
reallg  constant,  remaining  equal  to  itself,  he  does  not  recognize.  It  is 
only  a  fa«tofexperiencethatthemovemeatsin  nature  hitherto  observed 
bare  takes  place  in  such  a  way  that  they  seem  to  be  represented  in  the 
simplest  manner  by  making  those  suppositions.  We  can  bnild  np  me- 
chanical  systems  on  qaite  different  bases,  bnt  it  would  not  help  us  to 
describe  simply  the  real  movements.  The  problem  of  mathematical 
physics  will  be  solved  when  the  observed  phenomena  will  be  described 
b;  means  of  the  simplest  possible  supposition  as  to  the  nature  of  forces 
and  distribution  of  matter.  There  is  nothing  impossible  in  it;  it  can  be 
proved  in  fact  that  all  that  men  can  observe  in  finite  time  must  be  sus- 
ceptible of  being  described  mathematically. 

Even  an  outsider  will  not  fail  to  notice,  I  think,  that  something  is  not 
ioduded  in  Kircfaboff's  programme.  The  simplest  description  can  not 
produce  the  conviction  that  the  phenomena,  even  in  future  time,  shall 
ran  in  accordance  with  the  description;  its  equations  are,  so  to  say,  not 
lavi.  There  exists  a  stand'poiot  differing  somewhat  from  that  of  Kirch- 
lioff; it  looks  for  what  is  in  accordance  with  a  law  in  the  change  of 
phenomena.  Experience  teaches  ns  that  nature  acts  according  to  laws; 
because  without  laws  experience  would  be  impossible.  Experience  is 
the  collecting  of  what  is  similar  in  different  particular  perceptions. 
That  the  laws  exist  is  accordingly  an  observed  fact  and  not  a  hypothe- 
sis. We  feel  them  acting  at  every  moment  independently  of  our  will. 
We  must  ascribe  to  them  the  same  reality  as  to  our  will;  these  two 
things  are  opposite  to  one  another,  power  against  power.  We  desig- 
nate them  accordingly  5y  the  names  of  forces,  and  forces  as  causes  of 
motion;  they  have  the  same  reality  as  the  motion  itself.  Up  to  this 
point  natore  may  be  said  to  be  intelligible.  What  a  force  is  we  know 
uot ;  we  can  only  say  that  it  manifests  itself  in  the  acceleration  it  im- 
parts to  the  mass,  and  de /aoto  accordingly,  we  do  not  go  beyond  Kirch- 
hofTsdeecriptioD  of  nature.  As  to  results,  the  search  after  a  law  and  the 
endeavor  after  the  simplest  description  of  nature  is  one  and  the  same 
thing;  the  difference  lies  only  in  the  formnlation  of  the  problem  and 
Bometimes  possibly  in  the  way  towards  its  solution.  It  follows  for  in- 
stance from  Kirchhoff's  definition,  that  it  must  be  permitted  (not  only 
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upon  ]»edagogical  but  eveoupoii  pbilosophital  grouiid8)to  use  bypotbe- 
868,  even  wheu  tbey  are  recognized  not  to  be  sufficient  in  all  cases,  ptu- 
vided  they  are  Btill  the  siinpleat.  In  fine,  only  that  will  appear  to  w 
simple  wbicb  is  logically  true. 

From  what  precedes  oue  sees  how  near  sometimes  matbematieal 
physics  approaches  to  metaphysics.  Kirchboff  gave  to  empiricism  in 
the  theory  of  cogoition,  its  most  precise  and  most  consequent  expression, 
and  placed  himself  accordiogij  at  the  actne  of  the  whole  of  modern 
matbematical  physics. 

KirchhofTs  endeavor  after  clearness  and  truth  appears  also  in  bia 
philosophical  atand-i>oint,  and  makeshiot  prefer  to  give  the  definition  ot 
his  own  problem  in  the  study  of  nature  from  a  narrow  view,  rather  than 
to  suffer  in  it  even  a  flemblance  of  a  proposition  accepted  on  liiith,  sb 
nature's  conformity  to  law  possibly  is.  And  still  be  analyzed  natare 
not  merely  as  a  critical  thinker.  His  greatest  discovery  shows  that  be 
possessed  also  the  alert  introspection,  the  sympathetic  investigation, anil 
the  intuitive  insight  into  tbe  working  of  natural  forces,  without  wliicb 
no  true  student  of  nature  can  make  investigations  We  rejieat,  Eircb- 
hoff  was  one  of  tbe  greatest  students  of  nature,  becaase  he  was  a  math 
ematical  physicist  in  tbe  sense  explained  above. 
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ON  HEREDITY. • 


By  Sir  William  Tuhnbk. 


The  subject  of  beredity  (if  I  may  say  so)  is  in  the  air  at  the  present 
time.  The  prominence  which  it  has  assumed  of  late  years  is  in  connec- 
tion vith  its  bearing  on  the  Darwinian  theory  of  natural  selection,  and 
consequently  biologists  generally  hare  had  their  attention  directed  to 
it.  Bnt  iu  it6  relations  to  man,  his  structure,  functions,  and  diseases,  it 
has  long  occupied  a  prominent  position  iu  the  minds  of  anatomists, 
pbysiologistB,  and  physicians.  That  certain  diseases,  for  example,  are 
hereditary  was  recognized  by  Hippocrates,  who  stated  generally  that 
hereditary  diseases  are  difflcult  to  remove,  and  the  inUneuce  which  the 
iiereditary  transmission  of  disease  exercises  ni)OU  the  duration  of  life 
is  the  subject  of  a  chapter  in  nnmerous  works  on  practical  medicine, 
and  fonus  an  important  element  in  the  valuation  of  lives  for  life  insnr- 
ance. 

Theflrst  aspect  of  the  qneation  which  has  to  be  determined  is  whether 
any  physical  basis  can  be  found  for  heredity.  The  careful  study,  espe- 
cially during  the  last  few  years,  of  the  development  of  a  number  of 
species  of  animals,  mostly  but  not  exclusively  amongst  the  invertebruta, 
by  various  observers,  has  established  the  important  fact  that  the  young 
aDimal  arises  by  the  fusion  within  the  egg  or  germ  cell  of  an  extremely 
minnte  particle  derived  from  the  male  parent,  with  an  almost  equally 
minute  particle,  derived  from  the  germ  cell  produced  by  the  female 
parent  These  particles  are  technically  termed  in  the  former  case  the 
Male  pronucleus,  ia  the  ]atl»T  the  female  pronucleim^aaA  the  body  formed 
by  their  fusion  is  called  the  segmentation  nucleus.  These  nuclei  are  so 
amall  that  it  seems  almost  a  contradiction  in  terms  to  siieak  of  their 
magnitude, — rather  one  might  say  their  minitude ;  for  it  requires  the 
higher  powers  ot  the  best  microscopes  to  see  tbem  and  follow  ont  the 
process  of  conjugation.  But  notwithstanding  their  extreme  minute- 
ness, the  pronuclei  and  the  segmentation  nucleus  are  complex,  both  in 
chemical  and  molecnlar  structure.  From  the  segmentation  nucleus  pro- 
duced by  the  fosioo  of  the  pronuclei  with  each  other,  and  from  corre- 

'PreaideDtial  address  before  Uit^  Anlliropo1u):icaI  Section  of  tlie  British  Awtiioiittinn, 
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spoodiDg  changes  which  oecur  in  the  protoplasm  of  the  egg  whidi  snr- 
ronoda  it,  other  cells  arise  by  a  process  of  division,  and  these  iu  tbeir 
tarD  also  miiitiply  by  division.  These  cells  arrange  themselres  in  coorse 
of  time  iuto  layers,  nfaichare  termed  the  germinal  orembryouio  layers. 
From  these  layers  arise  all  the  tissues  and  organs  of  the  body,  both  in 
its  embryonic  and  adult  stages  of  life. 

The  starting-point  of  each  iadividaal  organism — i.  e.,  of  each  new  gen- 
eration— is  therefore  the  segmentation  nucleus.  Every  cell  io  the  adult 
body  is  derived  by  descent  from  that  naclens  through  repeated  divisioa. 
As  the  segmentation  nucleus  i»  formed  by  tbe  fusion  of  material  derived 
from  both  parents,  a  physical  continuity  is  established  between  par- 
ents and  offspring.  But  this  physical  coatinaity  carries  with  it  certaiD 
properties  which  cause  the  offspring  to  reproduce,  not  only  tbe  bodily 
oonfigaratioD  of  tbe  parent,  but  other  characters.  In  the  case  of  mau 
we  find  along  with  the  family  likeness  in  form  and  featnres,  a  corre- 
spondence in  temperament  and  disposition,  in  the  habits  and  mode  of 
life,  and  sometimes  in  tbe  tendency  to  particular  diseases.  This  traDg- 
mission  of  characters  from  parent  to  offspring  is  summarised  in  the 
well-known  expression  that  "like  begets  like,"  and  it  rests  upon  a  phys- 
ical basis.  The  size  of  tbe  particles  which  are  derived  from  the  parents 
(called  the  male  and  female  pronuclei),  tbe  potentiality  of  which  is  so 
utterly  out  of  proportion  to  their  bulk,  is  almost  inconceivably  small 
when  compared  with  the  magnitude  of  the  adult  body.  And  yet  these 
particles  are  sufficient  to  stamp  the  characters  of  the  parents,  of  the 
grandparents,  and  of  still  more  remote  ancestors  on  tbe  offspring,  and 
to  preserve  them  throughout  life,  notwithstanding  the  constant  changes 
to  which  the  cells  forming  tbe  tissues  and  organs  of  the  body  are  sub- 
jected in  connection  with  their  use  and  nutrition. 

In  considering  the  question  of  how  new  individuals  are  produced,  oue 
must  keep  in  mind  that  it  is  not  every  cell  in  the  body  which  can  act 
as  a  center  of  reproduction  for  a  new  generation,  but  that  certain  cells, 
which  we  name  germ-cells  and  sperm-cells,  are  set  aside  for  that  par- 
pose.  These  cells,  destined  for  the  production  of  tbe  next  generatioii, 
form  but  a  small  proportion  of  the  bmly  of  the  animal  in  which  they 
are  situated.  They  are  as  a  rule  marked  off  from  thereat  of  the  cells  or 
of  its  body  at  an  early  period  of  development.  The  exact  stage  at  which 
they  become  specially  differentiated  for  reproductive  purposes  varies 
however  in  different  organisms.  In  some  orgauisms  [as  is  said  by  Bal- 
biaui  to  be  the  case  iu  Ckironomua)  they  apparently  become  isolated 
before  tbe  formation  of  the  germinal  layertt  is  completed ;  but  as  a  role 
their  appearance  is  later;  and  iu  the  higher  organisms,  not  until  the 
development  of  the  body  is  relatively  much  more  advanced. 

Tbe  germ-cells  after  their  isolation  take  no  part  in  the  grontU  of  the 
organism  in  which  they  arise ;  aud  their  chief  association  with  the  other 
cells  of  its  body  is  that  c^rtaiu  of  the  latter  are  of  service  in  their  uotri- 
tiou.    The  problem  therefore  for  consideration  is  the  mode  in  which 
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these  germ  or  reproductive  cells  become  iutlueuced,  so  that  after  having 
beeu  isolated  from  the  cells  which  make  up  the  balk  of  the  body  of  the 
pareut  tbey  can  trauftmit  to  tbu  offspring  the  characters  of  the  parent 
otgaDism.  Various  speculatioaa  and  theories  have  been  advance^  by 
the  way  of  explanatiou.  The  well  known  theory  of  Pangenesis,  which 
Charles  Darwin  with  cbaracteristiu  moderation  put  forward  as  merely  a 
provisional  hypothesis,  assames  Ihalgemmules  are  thrown  off  from  each 
iliETerent  cell  or  unit  throughout  the  body  which  retain  the  characters  of 
ihe  cells  from  wbicb  they  spring;  that  the  geoimules  aggregate  thein- 
selves  either  to  fonn  ot  to  become  included  within  the  reproductive 
cells;  aud  that  in  this  manner  tbey  aud  the  characters  wbicb  they 
convey  are  capable  of  being  transmitted  in  a  dormant  state  to  succes- 
sive generations,  and  to  reproduce  in  tbem  the  likeness  of  tbeir  parents, 
grandparents,  aud  still  older  ancestors. 

In  1872,  aud  four  years  afterwards,  in  1876,  Mr.  Francis  Gulton  pub- 
lished most  suggestive  papers  on  kinship  and  heredity.*  In  the  latter 
of  these  papers  he  developetl  the  idea  that  "the  sum  total  of  the 
genus,  gemmules,  or  whatever  they  may  be  called,"  wbicb  are  to  be 
found  in  the  newly  fertilized  ovum,  constitutes  stirp,  or  root.  That 
the  germs  which  make  up  the  stirp  consist  of  two  groups;  the  one 
which  develops  iuto  the  bodily  structure  of  the  individual,  and  which 
constitutes  therefore  the  personal  structure;  the  other,  which  remains 
latent  in  the  individual,  aud  forms,  as  it  were,  an  undeveloped  residuum 
That  it  is  from  these  latent  or  residual  germs  that  the  sexual  elements 
intended  for  producing  the  nest  generation  are  derived,  and  that  t^eae 
germs  exercise  a  predominance  in  matters  of  heredity.  Further,  that 
the  cells  which  make  up  the  personal  structure  of  the  body  of  the  in- 
dividual, exercise  only  tna  very  faint  degree  auy  influence  on  tbe  repro- 
ductive cells,  so  that  any  modifications  acquired  by  the  individuals  are 
barely,  if  at  all,  inherited  by  the  od'spring. 

Subsequent  to  tbe  publication  of  Mr.  Oaltou's  essays,  valuable  cuu- 
tribntions  to  the  subject  of  heredity  have  been  made  by  Professors 
Brooks,  Naegel),  !Nussbaiiiu,  Wi-isuianu,  aud  others.  Professor  Weis- 
maDn's  theory  of  heredity  embodies  the  same  fundamental  idea  as  that 
propounded  by  Mr.  Ualton  ;  but  as  be  has  employed  in  its  elncidatiou 
a  phraseology  which  is  more  in  harmony  with  that  generally  nsed  by 
biologists,  it  has  had  uMre  immediate  attention  given  to  it.  As  Weis- 
tnann's  essays  have  during  the  pn'sent  year  beeu  translated  for,  aud 
published  by  the  Clarendon  Press, t  nuiier  the  editorial  superintendence 
of  Messrs.  Poultou,  Schonland,  and  Shipley,  they  are  now  reatlily  nc- 
ceesible  to  all  English  readers. 

Weismann  asks  the  fundamentul  question,  "  Uow  is  it  that  a  single 
cell  of  the  body  can  contain  within  itself  all  the  hereditary  tendencies 
of  the  whole  organism  T'*    He  at  once  discards  the  theory  of  pangenesis, 

*  PrtMCMlifi^t  Bof.  So«.  Loud.,  li^TS,  auil  JonrH.  Anthrop.  Init.,  1876,  vol  V. 
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and  etatea  that  iii  bis  benef  the  germ-cell,  so  far  as  its  easeotial  and 
charact«ri8ti(i  Bubstance  is  concenied,  is  not  derived  at  all  from  tbe  body 
of  tbe  individnat  in  wliich  it  is  produced,  bat  directly  from  the  parent 
germ-cell  from  wbicb  tbe  individual  has  also  arisen.  He  calls  bis  theory 
the  continaity  of  the  germ-plasm,  and  he  bases  it  upOD  the  sappoeition 
that  iu  each  individual  a  portion  of  the  specific  germ-plasm  derived 
from  the  germ-cell  of  the  parent  is-  not  nsed  up  in  the  constmction  of 
tbe  body  of  that  individual,  but  is  reserved  unchanged  for  the  forma- 
tion of  tbe  germ-cells  of  tbe  succeeding  generation.  Thns  like  Hr. 
'  Galton,  he  recognizes  that  in  the  stirp  ur  germ  there  are  two  classes  of 
cells  destined  for  entirely  distinct  purposes:  the  one  for  the  develop- 
ment of  the  soma  or  body  of  the  individual,  which  class  be  calls  tbe  so- 
matic cells;  the  other  for  the  perpetuation  of  the  species,  (.  e.,  for  re- 
protluction.  Iu  further  exposition  of  his  theory,  Weismaun  goes  on  to 
say,  as  the  process  of  fertilization  is  attended  by  a  conjugation  of  ibe 
nuclei  of  tbe  reproductive  cells  (the  pronuclei  referred  to  iu  an  earlier 
part  of  this  address),  that  tbe  nuclear  substancemust be tbesole bearer 
of  hereditary  tendencies.  Each  of  tbe  two  uuitiug  nuclei  would  con- 
tain tbe  germ-piasm  of  one  parent,  and  this  germ-plasm  also  would 
contain  that  of  the  grandparents  as  well  as  that  of  all  previous  gen- 
erations.    ■    -    - 

it  follows  therefore  from  this  theory  that  the  germ-plasm  possesses 
throughout,  the  same  complex,  chemical,  and  molecular  structure,  and 
that  it  would  passs  through  tbe  same  stages  when  (he  conditions  of 
development  are  the  same,  so  that  the  same  final  product  would  aiise. 
Each  successive  generation  would  have  therefore  an  identical  starting- 
point,  so  that  an  identical  product  would  arise  from  all  of  tbem. 
Weismaun  does  not  absolutely  assert  that  an  orgauism  can  not  exer- 
cise a  modi^iug  influence  upon  the  germ-cells  within  it  j  yet  he  limits 
this  inHueoce  to  such  slight  effect  as  that  which  would  arise  from  tbe 
nutrition  and  growth  of  the  individual,  and  tbe  reaction  of  tbe  germ- 
cell  upon  changes  of  nutrition  caused  by  alteration  iu  growth  at  tbe 
periphery,  leading  to  some  change  in  the  size,  number,  and  arrange- 
ments of  its  molecular  units.  But  he  throws  great  doubt  upon  tbe 
existence  of  such  a  re-action,  and  he,  more  emphatically  than  Mr.  OhI- 
ton,  argues  against  the  idea  that  the  cells  which  make  up  the  somatic 
or  personal  structure  of  the  individual  exercise  any  influence  on  the 
reproductive  cells.  From  his  poiut  of  view  the  structural  or  other 
properties  which  characterize  a  family,  a  race,  or  a  species,  are  derived 
solely  from  the  reproductive  cells  through  continuity  of  their  germ- 
plasm,  and  are  not  liable  to  modification  by  the  action  on  them  of  Ibe 
organs  or  tissues  of  the  body  of  the  individual  organism  in  which  tbey 
are  situated. 

The  central  idea  of  heredity  is  permanency ;  that  like  begets  like, or 
as  Mr.  Galton  more  fitly  puts  it,  that  "  like  tendt  to  produce  like."  Bui 
thongh  the  ofi'spriog  conform  with  their  parents  in  all  their  main  cbar- 
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acteristics,  yet,  as  every  oue  kuows,  the  child  is  uot  absolutely  like  its 
parents,  bat  possesses  its  own  character,  its  owu  iudividuality.  It  is 
easy  for  aiiy  one  to  recognize  that  differences  exist  amongst  men  when 
be  compares  one  iudividual  with  nuother;  but  it  is  equally  easy  for 
those  vho  make  a  specini  study  of  animals  to  recognize  iudividual  dif- 
ferences in  them  also.  Thus  a  pigeon  or  canary  fancier  distingniaheB 
without  full  the  various  birds  iu  his  Hocit  aud  a  shepherd  knows  every 
sheep  under  his  charge.  Bat  the  auatoraixt  tells  us  that  these  differ- 
ences are  more  than  superticial, — that  they  also  pervade  the  internal 
atniclure  of  the  body.  lutimately  ;issociiited  therefore  with  the  con- 
ception of  heredity — that  is,  the  transmission  of  characters  common  to 
both  parent  and  offspring — is  that  of  variability, — that  is,  the  appear, 
ance  in  au  organism  of  certain  characters  which  are  unlike  those  pos- 
sessed by  its  pareuls.  Heredity  therefore  may  be  defined  as  the  per- 
petuation of  the  like ;  variability,  as  the  production  of  the  nnlike. 

And  now  we  may  ask,  Is  it  possible  to  offer  any  feasible  explan»tion  of 
the  mode  in  which  variatiaus  in  organic  structure  take  their  rise  in  the 
wnrse  of  development  of  an  individual  organism  I  Anything  that  one 
may  say  on  this  bead  is  of  course  a  matter  of  speculatiou,  bat  certain  facts 
may  be  adduced  as  offering  a  basis  for  the  construction  of  an  hypothesis, 
aad  on  tbis  matter  Professor  Weismauu  makes  a  uumber  of  ingenious 
raggestioDS. 

Prior  to  the  coqjugation  of  the  male  aud  female  pronuclei  to  form  the 
segmentation  nucleus,  a  portion  of  the  germ-plasm  is  extruded  fixim  the 
egg  to  form  what  are  called  polar  bodies.  Various  theories  have  been 
advanced  to  account  for  the  significance  of  this  curious  phenomenon. 
Weiaman  explains  it  on  the  hypothesis  that  a  reduction  of  the  number  of 
aucestral  germ-plasms  in  the  uacleus  of  the  egg  is  a  necessary  prepara' 
lion  for  fertilization  and  for  the  development  of  the  young  animal.  He 
SD|ipoBe8  that  by  the  expulsion  of  the  polar  bodiesone-half  of  the  num- 
ber of  ancestral  germ-plasms  is  removed,  and  that  the  original  balk  ia 
restored  by  the  addition  of  the  male  pronucleus  to  tbat  which  remains. 
As  precisely  corresponding  molecules  of  tbis  plasm  need  not  be  expelled 
from  each  ovum,  similar  aucestral  plasms  are  uot  retnine^l  in  each  case; 
BO  that  diversities  would  arise  even  iu  the  same  geuerntion  and  betweeu 
the  offttpriug  of  the  same  parents. 

Hinate  though  the  segmentation  nucleus  is,  yet  microscopic  re- 
Hearcb  has  shown  that  it  is  not  a  homogeneous  structureless  body, 
but  is  built  ap  of  different  parts.  Most  noteworthy  is  the  presence 
of  extremely  delicate  thi-eads  or  fibrils,  called  the  chromatin  Jilament^, 
which  are  either  coiled  on  each  other,  or  intersect  to  form  a  net- 
work-like arrangement.  In  the  meshes  of  this  network  a  viscous — and, 
so  for  as  we  yet  kuow,  structureless — snbstauce  is  situated.  Before  tlie 
process  of  division  begins  iu  the  segmentation  nucleus  these  filaments 
swell  np  and  then  proceed  to  arrange  themselves  at  first  into  one  and  then 
iutv  two  star-like  figuTes  before  the  actual  division  of  the  uucleus  taken 
n.  ma.  234 r35  "^  .OImjIc 
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place.'  It  is  obvious  therefore  that  the  molecnies  which  enter  into  tfa« 
foruation  of  tbe  segmentation  nucleus  can  move  within  its  substance, 
aud  can  undergo  a  re-HdJuBtment  in  size  and  form  and  position.  Bot 
this  re-adjnstment  of  material  is  without  doubt  uot  limited  to  those 
relatively  coarse  particles  which  can  be  seen  and  examined  under  the 
microscope,  bnt  applies  to  the  entire  molecular  structure  of  the  segmen- 
tation nucleus.  Now  it  must  be  remembered  that  tbe  cells  of  the  em- 
bryo from  which  all  the  tissues  and  organs  of  the  adult  body  are  de- 
rived are  themselves  (lescendaots  of  the  segmentation  nucleus,  and  they 
will  doubtless  inherit  from  it  both  the  power  of  transmitting  definite 
characters  and  a  certain  capacity  for  re-adjci>ttment  both  of  their  con- 
stituent materials  and  the  relative  positions  which  they  may  assume 
towards  each  other.  One  might  conceive  therefore  that  if  in  a  sac- 
cession  of  organisms  derived  from  common  ancestors  the  molecular 
particles  were  to  be  of  the  same  composition  and  to  arrange  themselves 
in  the  segmentation  nacleus  and  in  the  cells  derived  from  it  on  tbe 
same  lines,  these  successive  generations  would  be  alike ;  but  if  the  liiii» 
of  adjustment  and  the  molecniar  constitution  were  to  vary  in  the  differ- 
ent generations,  then  the  prmlucts  would  not  l>e  quite  tbe  same.  Vari- 
ations in  structure  and  to  some  extent  also  iu  the  construction  of  parts, 
would  arise,  and  the  unlike  would  be  produced. 

In  this  connection  it  isalso  tobekept  in  mind  that  in  the  higher  orgao- 
isms,  and'iudeed  in  multicellular  organisms  generally,  an  jndividnal  is 
derived,  not  from  one  parent  only,  bnt  from  two  parents.  If  one  parent 
were  tocontribu  tea  larger  proportion  than  theother  to  the  formation  of  a 
particularorganism,theii  the  balance  would  be  disturbed,  theoffspringin 
its  character  would  incline  more  to  one  parent  than  to  the  other,  accord- 
ing to  the  proportion  contributed  by  each,  and  a  greater  scope  for  the 
production  of  variations  would  be  provided.  These  differences  would  be 
increased  in  number  in  the  course  of  generations,  owing  to  new  combi- 
nationa  of  individual  characters  arising  in  each  generation.  As  long 
as  the  variations  which  are  produced  in  an  organism  are  collectively 
within  a  certain  limitation,  they  are  merely  individual  variations,  and 
express  the  range  within  which  such  au  organism,  though  exhibiting 
differences  IVom  its  neighbors,  may  yet  be  classed  along  with  them  iu 
the  same  species.  It  is  in  this  sense  that  I  have  discussed  tbe  term 
variability  up  to  the  present  stage  of  this  address.  Thus  all  those 
varieties  of  mankind  which  on  account  of  differences  in  the  color  of 
the  skin,  we  speak  of  as  the  white,  black,  yellow  races  and  red-skiutt 
are  men,  and  they  all  belong  to  that  species  which  the  zoologists  term 
Homo  aapietts. 

But  the  subject  of  variability  cannot,  in  tbe  present  state  of  scteucr, 
t>e  confined  in  its  discussion  to  the  production  of  individual  variationit 

'The  oliaervntioim.  iiiaro  enpccinlly  of  Flemuiiug,  E.  Van  Bendeneu.  Stnabntgcr, 
and  Carnoy,  may  be  rflfrrred  to  in  cmnicvtioD  with  Ibo  chan)[eH  which  t»l«*  pl»ee  in 
nnclei  jirior  to,  and  iit  cuuuection  with,  their  div' 
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ffitbia  the  tiiuitatioue  of  a  common  species.  Since  Charles  Darwin 
enanciatad  the  proposition  that  favorable  variations  would  tend  to 
be  preserved,  and  nnfavorable  ones  to  be  destroyed,  and  that  the  result 
of  this  double  action,  by  the  nccnmnlation  of  miuntu  existing  differ- 
ences, wonid  be  the  formation  of  new  species  by  a  i)roce8s  of  natural 
selection,  this  sobject  has  attained  a  much  wider  scope,  has  acquired 
increased  importance,  and  has  formed  the  basis  of  many  ingenious 
8[iecnlations  and  hypotheses.  As  variations  when  once  they  h:ivc 
arisen,  may  be  hereditarily  transmitte<l,  the  Darwinian  theory  might 
be  defined  as  heredity  modified  and  iufineiiced  by  variability. 

It  may  be  admitted  that  many  variations  which  may  arise  in  the 
development  of  an  individual,  and  which  are  of  service  to  that  individ- 
ual, would  tend  to  be  preserved  and  i>erpetuate<l  iu  its  offspring  by 
hereditary  transmission.  But  it  is  also  without  question  that  variations 
which  are  of  no  service,  and  indeed  are  detrimental  to  the  individual  iu 
Q'hich  they  occur,  are  also  capable  of  being  hereditarily  transmitted. 
This  statement  is  amply  borne  out  in  the  study  of  those  important 
defects  iu  bodily  structure  which  pathologists  gronp  together  under 
the  name  of  congenital  malformations.  The  commonest  form  of  mal- 
formation is  where  an  increase  in  the  number  of  digits  on  the  hands  or 
feet,  or  on  both,  occurs  in  certain  fHmilies,  numerous  instances  of  which 
have  BOW  been  put  on  record.  But  in  other  families  there  is  an  hered- 
itary tendency  to  a  diminution  in  the  nnraber  of  digits,  or  to  a  defect 
in  the  development  uf  those  existing.  Another  noticeable  deformity 
which  is  known  to  be  hereditary  in  some  families  is  that  of  imperfect 
development  of  (he  upper  lip  and  roof  of  the  month,  technically  known 
as  hare-lip  and  cleft  palate. 

These  examples  illustrate  what  may  be  called  the  courser  kinds  of 
hereditary  deformity,  where  the  redundancies  or  defects  in  parts  of  the 
body  are  so  gross  as  at  once  to  attract  attention.  But  modifications  or 
variations  in  stnicture  that  can  be  transmitted  from  parent  to  offspring 
are  by  no  meaus  limited  to  changes  which  can  be  detected  by  the  naked 
eye.  They  are  Bometimes  so  minute  as  to  be  determined  rather  by  the 
modificatioos  which  tbey  occasion  in  the  function  of  the  organ  than  by 
the  ready  recoguition  of  structural  variations.  [Cases  of  color-blind- 
aeas,  and  of  deaf-mutism  were  then  referred  to.|  -  -  -  Dr.  Horner 
has  related  a  most  interesting  family  history  in  which  color-blindness 
was  traced  through  seven  generations.*  -  -  -  Mr.  David  Buxton, 
who  has  paid  great  attention  t«  the  subject  of  hereditary  deafiiess,t 
states  that  the  probability  of  congenital  deafness  in  the  offspring  is 
nearly  seven  times  greater  when  both  parents  are  deaf  than  when  only 
one  is  so.  In  the  latter  case  the  chance  of  a  child  lieing  born  deaf  is 
less  than  If  per  cent.,  iti  the  former  the  chances  are  that  5  {ler  cent,  of 
the  children  will  be  deaf-mntes. 

*Cite<liu  Die  AllgemeiHt  I'athologie,  by  Dr.  EdwiD  Kleb»,  .lena,  \>V7. 
iLireroool  Sfedieo-ChirHro .  .loHrn.,  July.  1857 ;  January  1859.     ,  -~  r 
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AltliougL  a  BufBvieut  uuDiber  of  Ciises  has  uow  Ikau  put  ou  reootd  to 
prove  tliat  iu  some  f^imiliea  oue  or  otber  kiud  of  congeuital  deformity 
may  be  hereditarily  traoumitted,  yet  I  do  uot  wish  it  Iu  be  supposed 
that  uoogeDitsI  uial  formations  may  uot  arise  iu  iudividaals  iu  whom  iio 
hereditary  tendency  can  be  traced. 

The  variations  I  have  spoken  of  aa  congeuital  Diall'ormatious  arise,  as 
a  rule,  before  the  time  of  birth,  during  the  early  development  of  the 
iudividniil ;  but  there  is  an  important  class  of  cases  iu  which  the  evi- 
dences tor  hereditary  transmission  is  more  or  loss  stroug,  which  may 
not  exhibit  their  peculiarities  until  months,  or  even  years,  after  tite 
birth  of  the  individual  This  class  is  spoken  of  ae  hereditary  diseasea, 
and  the  structural  and  functional  vbaogea  which  tbey  produce  exercise 
most  momeutou.'i  indneuces.  Sometimes  these  diseases  may  f>ccasiou 
changes  in  the  tissjes  and  organs  of  the  body  of  considerable  magni- 
tude, but  at  other  times  the  alteration  is  muoh  more  subtle,  is  molecu- 
lar in  its  character,  requires  the  microscope  for  its  determination,  or  is 
even  incapable  of  being  recognized  by  that  instrument. 

Hail  one  been  discussing  the  subject  of  hereditary  disease  twenty 
years  ago,  the  tlrst  example  probably  that  would  have  been  adduoe^I 
would  have  been  tuberculosJR,  but  thea«lditious  to  onr  knowledge  of 
iate  years  throw  some  doubt  upon  its  hereditary  character.  There  can, 
of  course,  be  uo  question  that  tubercular  diseade  propagates  itself  ia 
numerous  families  from  generation  to  geueration,  and  that  such  families 
show  a  special  susceptibility  or  tendency  to  this  disease  iu  oue  or  other 
of  its  forms.  But  whilst  fully  admittinc^  the  pre-dispositioo  to  it  which 
exists  iu  certain  families,  there  is  reason  to  think  that  the  strnctaral 
disease  itself  is  not  hereditarily  transmitted,  but  that  it  is  directly  ex- 
cited in  each  individual  in  whom  it  appears  by  a  process  of  externnl  infec- 
tion due  to  the  action  of  the  tubercle  bacillus.  Still,  if  the  disease  itself 
be  not  inherited,  a  particular  temperament  which  renders  the  constita- 
tion  liable  to  be  attacked  by  it,  is  capable  of  hereditary  transmission. 

Sir  James  Paget.*  when  writing  ou  the  subject  of  cancer,  gives  htutls- 
tics  to  show  that  about  a  quarter  of  the  persons  affected  were  aware  of 
the  existence  of  the  same  disease  in  other  members  of  their  family,  anil 
he  cites  particular  instances  iu  which  cancer  wao  present  in  two  and 
even  fonr  generations.  He  had  no  doubt  that  the  disease  can  be  in- 
herited— not,  he  says,  that  strictly  speakiug,  cancer,  or  cancerous  mate- 
rial is  transmitted,  but  a  tendency  to  the  production  of  those  couditioiiB 
which  will  finally  miinifest  themselves  in  a  canceroos  growth.  The  germ 
from  the  cancerous  parent  must  be  so  far  different  from  the  normal  as 
after  a  lapse  of  years  to  engender  the  cancerons  condition. 

Heredity  is  also  one  of  the  most  powerful  factors  in  the  prodnction 
of  those  affections  which  we  call  gout  and  rhenmatism.  Sir  Dyve  Dack- 
wortb,  the  latest  sy.stumatic  writer  ou  gont,  states  that  iu  those  families 
whoHe  histories  :m!  the  uiost  noinptttte  and  trnstwortiiy  the  inflneoce  is 


n  Surgical  i'ulhologu,  3d  eil.,  Loaduu,  llM.  r 

!,X_nOO<^le 


ON  HEREDITY,  549 

BtroDgly  abowii,  aiid  occurs  in  fn>tii  rM  to  7.*  i>cr  cent,  of  the  canes; 
farther,  that  the  cbitdreu  of  gout^  pareuts  show  mgus  of  articular  goat 
at  an  Bge  wheo  they  hav^e  not  assomed  those  habits  of  life  and  pecnti- 
aritiea  of  diet  which  are  regarded  as  the  escitiog  causes  of  the  disease. 

In  coDoectioD  with  the  tendettcy  to  the  trausmissibility  of  either  cod- 
genial  malformations  or  diseases,  consaugninity  in  the  parents,  al- 
though by  no  means  a  constant  occurrence,  is  a  factor  which  in  mnny 
cases  mast  be  taken  into  consideration,*  If  we  could  conceive  both  par- 
ents to  be  physiologically  perfect,  then  it  may  be  presnmed  that  the  off- 
spring would  be  soalso;  but  if  there  be  a  departure  innne  parent  from  the 
plane  of  physiological  perfection,  then  it  may  safely  be  assumed  that 
either  the  immediate  offspring  or  a  succeeding  generation  will  display 
a  corresponding  departure  in  a  greater  or  less  degree.  Should  both 
parents  be  physiologically  imperfect,  we  may  expect  the  imperfections, 
if  they  are  of  a  like  nature,  to  be  intensified  in  the  children.  It  is  in 
this  n>spect  therefore  that  the  risk  of  coiisangai neons  marriages  arises; 
for  no  family  can  lay  claim  to  physiological  perfection. 

When  we  speak  of  tendencies,  snaceptibilities,  proclirities,  or  pre- 
disposition to  the  transmission  of  characters,  whether  they  be  normal 
or  imtbological,  we  employ  terms  which  undoubtedly  have  a  certain 
vagueness.  We  are  as  yet  gnite  unable  to  recognize,  by  observation 
alooe,  in  the  germ-plasm  any  structural  change  which  would  enable 
us  to  say  that  a  i)articular  tendency  or  susceptibility  will  be  manifested 
in  aa  organism  derived  from  it.  We  can  only  determine  this  by  fol- 
lowing out  the  life-history  of  the  individual.  Still  it  is  not  the  less  true 
that  these  terms  cxpreits  a  something,  of  the  importance  of  which  we  are 
all  conscious.  So  far  as  man  is  concerned,  the  evidence  in  favor  of  a 
l«ndency  to  the  transmission  of  both  structural  and  functional  modifi- 
eatioiis  which  are  either  of  disservice  or  positively  injurious,  or  both, 
is  quite  as  capable  of  proof  as  that  for  the  transmission  of  characters 
which  are  likely  to  be  of  service.  Beoce  useless  as  well  as  useful  char- 
acters may  be  selected  and  trausmitted  heriditartly. 

Hnch  has  been  said  and  writteu  during  the  last  few  years  of  the  trnns- 
missiou  from  parents  to  off:4pring  of  characters  which  have  been  "ac- 
quired "  by  the  parent,  so  that  I  cannot  altogether  omit  some  reference 
to  this  subject.  It  will  conduce  to  one's  clearness  of  perception  of  this 
much-discussed  qaestion,  if  one  defines  at  the  outset  in  what  sense  the 
terra  "acquired  characters"  is  employed;  and  it  is  the  more  advisable 
that  this  should  be  done,  as  the  expression  has  not  always  been  aaetl 
with  the  same  signiScation.  This  term  may  be  used  in  a  wide  or  in  a 
more  restricted  sense.  In  its  wider  meaning  it  may  cover  all  the  char- 
acters which  make  their  fltst  appearance  in  an  individual,  and  which 
are  not  found  in  its  parents,  in  whatever  way  they  have  arisen  r — 

(1)  Whether  their  origin  be  due   to  such  molecular  changes  in  the 

*  I  may  rapeciallr  refer  (for  a  iliscuaHion  of  Ibis  siiliject )  to  41D  atlmlralile  eiuay  liy 
Sir  Arttiar  Hitcbell,  K.  C.  B.,  "  On  Blood -relatin nub ip  in  Marriage  cnusidenid,  Jn.ira 
iDflnence  ii|ion  tLe  OBitpring."  '< 
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};i:eriii-plamn  as  may  be  called  spontauc-uiiH,  leadiut;  to  micb  au  altera- 
tion iu  its  eliarncter  an  iiiaj'  produce  a  new  variation ;  or, 

[2)  Whether  tbeir  origin  lie  accidental,  or  due  to  babits,  or  to  the 
nature  of  tlie  surroundings,  sucb  as  climate,  food.  etc. 

Pi'ofestior  Weistaaoti  bas  {loitited  oac  witb  great  force  ibe  neees»t<r 
of  distinguishing  between  tbese  two  kinds  of  "acquired  characters," 
and  lie  has  suggested  two  terms,  the  employment  of  which  may  keep 
before  iiH  bow  importaut  it  is  that  these  different  modes  of  origin  sboald 
be  recognized.  Characters  which  are  produced  in  the  germ-plasm  it- 
Hi'lf  by  natural  selection,  and  all  other  character  which  result  from  thin 
latter  cause,  he  names  hlaxtogenic.  He  further  maintains  that  till  blastA- 
genic  characters  can  be  transmitted  ;  and  in  this  conclusion,  doubtless 
most  persons  will  agree  witb  him.  On  the  other  hand,  he  uses  the  term 
somatogenic  to  express  those  characters  which  first  appear  in  the  bo<ly 
itselt,  and  which  follow  from  the  re-action  of  the  noma  under  direct  ei- 
tenial  iutluences.  He  includes  under  this  bead  the  effects  of  mutila- 
tion, the  changes  which  follow  from  increased  or  diminished  perform- 
ance of  function,  those  directly  due  to  nutrition,  and  any  of  the  otiier 
direct  external  influences  which  act  upon  the  body.  He  further  main- 
tains that  the  somatogenic  characters  are  not  capable  of  transmission 
from  parent  to  offspring,  and  he  suggests  that  in  fntnre  discnsHJonson 
this  subject  the  term  "  acquired  characters"  should  be  restricted  to 
those  which  are  somatogenic. 

That  the  transmissiou  of  character  so  reqnired  can  take  place  is  the 
foundation  of  the  theory  of  Lamark,  who  imagined  that  the  gradonl 
transformation  of  species  was  due  to  a  change  in  the  structure  of  a  part 
of  Hu  organism  under  the  influence  of  new  conditious  of  life,  and  that 
such  modifications  could  be  transmitte<l  to  the  offspring.  It  was  aim) 
regarded  as  of  imitortance  by  Charles  Darwin,  who  stated,*  that  all  the 
changes  of  corporeal  strocture  and  mental  power  cannot  be  exclusively 
iitlributed  to  tlie  natural  selection  of  such  variations  as  are  often  c^leil 
spoutancons,  but  that  great  value  must  be  given  to  the  inherited  effects 
of  use  and  d is  use,  xome  also  to  the  modification  in  the  direct  aud  pro- 
longed action  of  changed  conditions  of  life,  also  to  occasional  rever- 
sions of  structure-  Herbert  Spencer  believes,t  that  the  natural  se- 
lection of  favorable  varieties  is  not  in  itself  sufficient  to  account  for 
the  whole  of  organic  evolution.  He  attaches  a  greater  importance 
than  Darwin  did  to  the  share  of  use  and  disuse  in  the  transinissian 
of  variations.  He  believes  that  the  inheritance  of  fonctionally  pro- 
duced modifications  of  stroctnre  takes  place  universally,  and  tliat 
as  the  modification  of  structure  is  a  vera  caii»a  as  regards  the  indi- 
vidual, it  is  unreasonable  to  suppose  that  it  leaves  no  traces  in  pros- 
terity. 

On  the  other  hand,  there  are  very  eminent  authorities  who  contend 

•  Preface  to  ad  rditinu  of  Deacml  of  Man,  1885  ;  also  Origin  o/Spfeif,  Irtwl- 
f'Facli>™ofOrKuiiicETolntiou,".M)irt«fl/ft  Crutniy.  18B6.  L.OQijIe 
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that  the  somatogeoiv  ncquired  cbaracters  are  not  tranamiusiblt:  from 
pareDt  to  offsprinf;.  Mr.  Fraocis  Oalton  (for  exa[n|>le)  gives  a  very 
qualified  assent  to  the  possibility  of  trnnsinissiou.  Professor  His,  of 
LeipBig,  iloabts  its  validity.  Professor  WeismauQ  says  tbat  there  is  no 
proof  of  it.  Mr,  Alfred  Bnssel  Wallace  In  his  most  recent  work*  con- 
siders tbat  the  direct  actions  of  the  enviroDmeDt  (evei)  if  we  admit  tbat 
Its  effects  on  the  indlvidnal  are  transmitted  by  inberitence)  are  so  small 
in  comparisoD  ffitb  the  amount  of  spontaneous  variation  of  every  part 
of  the  organism,  that  they  must  be  quite  overshadowed  by  the  latter. 
Whatever  causes  (he  says)  have  been  at  work,  natural  selectiou  ia  sa- 
preme  to  an  extent  which  even  Darwin  himself  hesitated  to  claim  for  it. 
There  is  thus  a  conflict  of  opinion  amongst  the  aatborities  who  have 
given  probably  the  most  thought  to  the  consideration  of  this  (luestion. 

In  the  first  place  I  would  however  express  my  agreement  with 
much  that  bas  been  said  by  Professor  'Weismanu  on  the  want  of  sufli- 
cient  evidence  to  justify  the  statement  that  a  mutilation  which  has  af- 
fected a  parent  can  be  transmitted  to  the  offspring.  It  is  I  suppose 
witbiD  the  runge  of  knowledge  of  mo&t  of  us  that  children  born  of  par- 
ents who  have  lost  an  eye,  an  arm,  or  a  leg,  come  into  tbe  world  witli 
the  full  complement  of  eyes  and  limbs.  The  mutilation  of  the  parent 
has  not  affected  tbe  offspring ;  and  one  would  icdeed  scarcely  expect 
to  find  that  such  groc s  visible  loi<sC8  of  parts  as  take  place  when  a  limb 
IB  removed  by  an  accident  or  surgical  operation,  should  be  re|)eated  iu 
tbe  offiipring.  But  a  similar  remark  is  also  ajtplicable  to  such  minor 
mutilations  as  scars,  of  the  transmission  of  wbicb  to  tbe  ofifopring, 
though  it  has  been  stoutly  contended  for  by  some,  yet  seems  not  to  t>e 
supported  by  sufQciently  definite  instances. 

I  should  search  for  illustrations  of  the  transmission  of  somatogenic 
characters  in  tbe  more  subtle  processes  which  affect  living  organisms, 
rather  than  those  which  are  produced  by  violence  and  accident.  1  shall 
take  as  my  example  certain  f:iets  which  are  well  known  to  those  engaged 
ID  the  breeding  of  farm-stock  or  of  other  animals  tbat  are  of  utility 
to,  or  are  specially  cultivated  by,  man.  1  do  not  refer  to  the  influ- 
ence on  the  offspring  of  impressions  made  on  Ifae  senses  and  nervous 
system  of  tbe  mother,  the  first  statement  of  the  effects  of  which  we 
Sod  in  the  book  of  Genesis,  where  Jacob  set  |>eeled  rods  before  tbe 
docks  in  order  to  influence  the  color  and  markings  of  their  young; 
though  1  may  state  that  1  have  beard  agriculturists  relate  instances 
from  their  own  experience  which  tbey  regarded  as  bearing  out  the 
view  that  impressions  acting  through  the  mother  do  influence  her  ott'< 
spring.  But  I  refer  to  what  is  an  axiom  with  those  who  breed  any 
particular  kind  of  stock,  tbat  to  keep  the  strain  pure,  there  must  be 
DO  admixture  with  stock  of  another  blood.  For  example,  if  a  sbort- 
horned  cow  has  a  calf  by  a  highland  sire,  that  calf,  of  course,  exhibits 
characters  which  are  those  of  both  its  parents.    But  future  calves 
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which  the  same  cow  may  Lave  wLeti  theii-  sires  have  been  of  thesbort- 
horned  hlood,  may,  iu  addition  to  Hbortrborn  characters,  have  others 
vhich  are  oot  short-lionied  but  highland. 

The  most  noteworthy  inatance  o(  this  transmission  of  characters  ac- 
quired from  one  sire  through  the  same  mother  to  her  offspring  by  other 
aires,  is  that  given  in  the  onen-quoted  experiment  by  a  former  Lord 
Morton.*  An  Arabian  mare  in  his  possession  produced  a  hybrid,  the 
sire  of  which  was  a  quagga,  and  the  young  one  was  marked  by  eebra- 
Itke  stripes.  But  the  same  Arabian  had  subsequently  two  foals,  the 
sire  of  which  was  an  Arab  horse,  and  these  also  showed  some  Kebra-)ike 
niarkings.  flow  then  did  these  markings  characteristic  of  a  very  differ- 
ent animal  arise  in  these  foals,  both  parents  of  which  were  Arabianst 
I  can  imagine  it  being  said  that  this  was  a  case  of  reversion  to  a  very 
remote  striped  ancestor,  common  alike  to  the  horse  and  the  qnagga. 
But  to  my  mind  no  xuch  far-fetched  and  hypothetical  explanation  is 
necessaiy.  The  cause  of  the  appearance  of  the  stripes  seems  to  me  to 
be  much  nearer  and  more  obvious.  I  believe  that  the  mother  had  ac- 
quired during  her  prolonged  gestation  with  the  hybrid,  the  power  of 
transmitting  qiiaggii-like  characters  from  it,  owing  to  tbe  interchange 
of  material  which  had  taken  place  between  them  in  coniirction  with  the 
nutrition  of  the  young  one.  For  it  must  be  kept  in  mind  that  in  pla 
cental  mammals  an  interchange  of  material  takes  place  in  opposite  di- 
rections, from  the  young  to  the  mother  as  well  as  from  the  mother  to 
the  young,  t  In  this  way,  the  germ-plasm  of  the  mother,  belouffing  to 
ova  which  had  not  yet  matured,  had  become  modified  whilst  still  loilged 
in  the  ovary.  This  acquireil  modification  had  influenced  her  future 
offspring,  derived  from  that  germ-plasm,  so  that  tliey  in  their  turn, 
though  in  a  more  diluted  form,  exhibited  zebra-like  markiugs.  If  this 
explanation  l>e  correct,  then  we  have  an  illustration  of  the  germ-plasnr 
having  been  directly  influenced  by  the  soma,  and  of  somatogenic  ac- 
quired characters  having  been  transmitted. 

Those  who  uphold  the  view  that  characters  acquired  by  tbe  soma 
can  not  be  transmitted  f^m  parents  to  offspring  undoubtedly  draw  go 
large  a  check  on  the  bank  of  hypothesis  that  one  finds  it  difficult,  if  not 
impossible,  to  honor  it.  Let  ns  consider  for  a  moment  all  that  la  in- 
volved in  the  acceptance  of  this  theory,  and  apply  it  in  tbe  first  instance 
to  man.  On  the  supposition  that  all  mankind  have  been  derived  from 
common  ancestors  through  the  coiilinuity  of  the  germ-plaam,  and  that 
this  plasm  has  undergone  no  modification  from  the  persona  or  sonui  of 
the  succession  of  individuals  through  whom  it  has  been  transmitted,  it 
would  follow  that  the  primordial  human  germ-plasm  must  have  con- 
tainetl  within  itself  nn  extraordinary  potentiality  of  development;  a 

•Fhilatophical  Tratsacliont,  IMttl ;  also  Dnnrio'it^iiiBialii  and  Plant*  ndtr  Dimrttk*- 
tioa,  Isted.,  18r>8,  vol.  I,  p.  403. 

t  See  for  factH  .tnil  cxpecimenta  Bfiav'  l>y  Professoia  Harvey  knii  QaBBerow  anilHr. 
S&vary;  also  niy  Lectaret  an  tht  Comparatirt  Anatomg  of  the  rfMKJita,  Edinbmgb,  ISTC. 
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potentiality  bo  rarietl,  tbat  nil  the  iiiultirorni  variatioiiH  in  pliysical 
structure,  tendency  to  ditjeuKv,  temjiurauieiit,  aiul  other  ctinructers  and 
dispositions  whicb  linve  been  exhibited  by  all  the  races  and  varieties  of 
men  vho  either  now  inhabit,  or  at  any  period  in  the  world'ti  history  hare 
iubabited,  the  earth  mast  have  been  included  in  it.    ■    ■    - 

Let  ns  now  glance  at  the  other  t«ide  of  the  ({uestion.  All  biologists 
Til),  I  suppose,  accept  the  proposition  tlint  the  individual  soma  is  infla- 
enced  or  modified  by  its  euvironmenta  or  sarroDDdings.  Now,  if  on  the 
basis  of  this  proposition,  the  theory  be  grafted  that  modifications  or  vart- 
Ktions  thaa  produced  are  capable  of  so  affecting  the  germ-plasm  of  the 
iiidividnal  in  whom  the  variation  arises  as  to  be  transmitted  to  its  off- 
Bpring  (and  I  have  already  given  caai'S  in  point),  then  stich  variations 
mieht  be  perpetuate.  If  the  modification  is  of  service,  then  presnm- 
ably  it  will  add  to  the  vitability  of  tbe  individual,  and  throngh  the 
inter-action  between  the  soma  ami  tbe  germ  plasm,  in  connection  with 
tbeir  respective  nutritive  changes,  will  so  aB'ect  tbe  latter  as  to  lead  to 
its  being  transmitted  to  tbe  offspring.  From  this  point  of  view  tbe  en- 
rironiDentwoaId,a8  it  were,  determine  and  regulate  the  nature  of  those 
variations  which  are  to  become  hereditary,  and  the  possibility  of  varia- 
tions arising  which  are  likely  to  prove  useful  becomes  greater  than  on 
tbe  theory  that  the  soma  exercises  no  influence  od  the  germ-plaam. 
Hence  I  am  unable  to  accept  tbe  proposition  that  somatogenic  charac- 
ters are  DOt  transmitted,  and  I  can  not  but  think  that  they  form  an 
important  factor  in  the  production  of  hereilitary  characters. 

The  morphological  aspect  of  organic  structure  is  nndonbtedly  of  fun- 
damental importance.  But  it  should  not  be  forgotten  that  tissues  and 
organs — in  addition  to  tbeir  snbjection  to  the  principles  of  development 
and  descent — have  to  discharge  certain  specific  purposes  and  functions, 
and  that  structural  modifications  arise  in  them  in  correlation  with  the 
OSes  lo  which  they  are  put,  so  as  to  adopt  them  to  perform  modified 
dnties.  It  may  be  difficult  to  assign  the  exact  force  which  phystologi- 
cal  adaptation  can  exercise  in  the  perpetuation  of  variations.  If  the 
haliit  or  external  condition  which  has  produced  a  variation  continnes 
tobe  practiced,  then  in  all  probability  the  variation  wonld  be  intensi- 
fied in  Bucce»sive  generations.  But  should  the  habit  cease  or  the 
external  condition  be  changed,  then  although  the  variation  might  con- 
tinue to  be  for  a  time  iierpetnated  by  descent,  it  would  probably  be- 
come less  strongly  marked  and  perhaps  ultimately  disappear.  By  ae- 
oepting  tbe  theory  that  somatogenic  characters  are  transmitted  we 
obtain  a  more  ready  explanation,  how  men  belonging  to  a  race  living  in 
one  climate  or  part  of  tbe  globe  can  adapt  themselves  to  a  climate  of  a 
different  kind.  On  the  theory  of  the  uon-transmissibility  of  these  ac- 
quired characters,  long  periods  of  years  would  have  to  elapse  before  the 
process  of  adaptation  could  be  effected.  The  weaker  examples  (on  this 
theory)  would  have  Lad  to  die  out,  and  the  racial  variety  would  reqnire 
to  have  been  produced  by  the  selection  of  variations  arising  slowly  and 
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reqmring  oue  knows  not  liow  iiian,T  liniidriHls  or  tliousaiKls  of  years  to 
proda<«  a  race  which  could  adapt  itself  to  its  new  eDviroiiment. 

Il  may  perhaps  be  thoufrht  that  in  selectiog  the  suhject  of  Her«ilit3' 
for  my  address,  and  in  treating  it  as  I  have  to  a  large  extent  in  its  gen- 
eral biological  aspects,  1  have  infringed  upon  the  prorince  of  Section  1) 
(that  of  Biologj'f.  But  I  am  not  prepared  to  admit  ihat  any  such  en- 
croacbment  has  been  made.  Man  is  a  living  organism  with  a  physical 
struotnre  which  discharges  a  variety  of  functions,  and  both  structure 
and  fnnctioDS  correspond  in  many  respects  (though  with  characteristic 
ditferences)  with  those  which  are  found  in  animals.  The  study  of  his 
physical  fVame  cannot  therefore  be  separated  from  that  of  other  living 
beiugs;  and  the  processes  which  take  place  in  the  one  must  also  be 
investigated,  in  the  other. 

The  physical  aspect  of  the  question,  although  of  vast  importance  aud 
interest,  yet  by  no  means  covers  the  whole  ground  of  man's  nature,  for  in 
him  we  recognize  the  presence  of  an  element  beyond  and  above  bis  ani- 
mal framework.  Man  is  also  endowed  with  a  spiritual  nature.  Hepott- 
sesses  a  conscious  responsibility  which  enables  him  tocoutrol  his  animal 
natnre,  to  exercise  a  discriminating  power  over  his  actions,  and  which 
places  him  on  a  far  higher  and  altogether  different  platform  than  that 
occupied  by  the  beasts  which  perish.  The  kind  of  evolution  which  we 
are  to  hope  and  strive  for  in  him  is  the  perfecting  of  thisspiritual  uainir, 
BO  that  the  standard  of  the  whole  human  race  may  be  elevated  and 
brought  into  more  harmonious  relation  with  that  which  is  holy  awl 
divine. 
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B,v  l>r.  Kl'dolph  Vibchow,  of  the  University  of  Berlin. 
TrHiisIalcil  liy  R<^v,  0.  A.  Bi.rismkr. 


Nearly  tveoty  years  ago  the  foniidatiou  of  our  present  union  meeting 
waa  laid  on  Austrian  soil.  A  few  inen  atteuding  mi  association  of  iiai- 
nralists,  at  lunepruck  iu  1869,  formed  themselves  into  a  separate  Hec- 
tion,  wltich  held  its  seeaion  in  a  small  auditorium  of  the  university. 

Of  that  number  my  countryman,  Eoner,  has  since  died,  but  the  rest 
are  still  living,  among  them  Karl  Vogt,  Professor  Semjier  (first  general 
secretary  of  the  German  Anthropological  Society),  Professor  Seligman, 
of  Vienua,  and  some  others. 

And  as  1  see  with  us  Count  Enzeuberg,  the  secretary  of  that  section, 
there  are  here  at  least  tvo  representatives  of  that  memorable  day. 

Every  member  of  that  little  gathering  was  fully  convinced  that  Uer- 
mauy  and  Anstria  ought  to  be  united  in  anthropological  matters  and 
that  only  through  united  work  could  any  success  be  expected  in  anthro- 
pological investigations.  A  call  was  published  for  the  establishment 
of  a  General  German  Anthropological  Society,  which  slioald  unite  all 
German  workers,  including  the  German  Swiss  and  the  Germans  in 
Austria. 

At  a  subsequent  meetiug  held  in  Mayence,  in  May,  1870,  for  the  pur- 
pose of  drafting  a  constitution,  a  number  of  Austriauf  participated  and 
tlie  articles  were  purposely  framed  in  such  a  mauner  an  to  include  Ger- 
man Aastrians.  But  circumnlances  are  frequently  more  powerful  than 
the  intentions  of  men. 

The  current  of  opinion  during  the  period  following  this  meeting  was 
contrary  to  our  purpose,  which  represented  ideas  based  opon  an  un- 
prejudiced consideration  of  events.  Previously,  in  1869,  there  bad  been 
formed  an  Anthroi>ological  Society  at  Berlin,  the  first  one  in  Qermany, 
also  a  separate  society  at  Vienna,  but  only  the  Berlin  society liiecame a 
branch  of  the  General  German  Society.  It  seemed  impossible  for  some 
time  to  find  any  direct  point  of  contact  with  the  society  at  Vienna, 

'Opening  addTc«B  delivered  Wfote  the  tncniietb  |{t-Deral  mcwtiog  of  the  (lentiBn 
AathTopologica)  AaMcistiuD  iot  Uermaoy  sod  AuMria)  in  Vienna,  AnKo*t  &t  ISM*. 
(Frooi  tbe  Corrapomdent-Blalt  drr  dtaUrkra  iitwliKka/l  fdr  Jmthropologie,  Elkmoto- 
Sitund  Crgetckicktt,  xi.  Jahrgan^,  So.  'J,  t^ptemtift,  l&fJ,  pp.  r'J-lWf.l        inolc 
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»ltbough  there  Wflti  no  variauve  betweeu  tlteiuautl  uh.  li)dividaal  mem- 
bers— as  I  most  gratefotly  admit,  (among  whom  our  president,  haiaa 
TOQ  Andrian,  is  one,)  often  expressed  tbeir  regret  at  onr  )ack  of  anion. 

In  1881,  tbe  first  attempt  to  bring  about  a  anion  vim  made  when  the 
German  and  tbe  Austrian  antbropologists  held  their  general  meetings 
Bnccessively  at  Regeiisbnrg  and  Salzburg,  both  attending  each  other's 
session.  Since  that  time  tbe  idea  of  union  gained  stresgtb  nntil  it 
was  realized  in  onr  present  joint  meeting;  and  may  a  seotimeDt  of 
anion  be  developed  th»t  shall  complete  the  work  wbicb  we  began. 

You  alt  understand  that  this  question  of  nationality  is  a  very  impor- 
tant one  in  an  anthropological  sense. 

We  must  always  start  from  what  is  known ;  our  question  is  that  of 
habitat.  And  here  we  differ  from  tbe  zoologist,  wbo  is  only  to  a  limited 
degree  concerned  about  this  question.  Not  until  we  know  whence  a 
person  came  and  where  be  lived  is  he  a  legitimate  subject  uf  anthropo- 
logical investigation.  This  holds  trne  also  with  respect  to  a  human 
skull.  An  unknown  sknil  may  be  momentarily  of  some  interest,  but 
fhim  s  scientific  standpoint  it  is  of  no  importance  until  its  habitat  has 
been  determined. 

Tt<;  kMcv  cTet  dySpwv  is  A  qoestion  which  not  merely  concerns  onr  every 
day  life,  but  is  an  important  one  for  the  anthropologist.  It  is  a  very 
difficult  matter  to  make  collectors  of  sknlls  understand  that  not  merely 
skulls,  bat  skulls  of  persons  or  tribes  are  needed,  that  c:in  be  identified 
as  regards  their  habitat.  Then  only  are  they  of  any  anthropological 
value  to  the  investigator. 

A  skull  per  se  is  of  very  little  account  to  us,  bnt  when  its  nationality 
is  known  it  begins  to  eiist,  so  to  speak.  We  must  not  forget  more- 
over that  our  conceptions  of  nationality  are  largely  based  n|)on  oor 
present  relationships,  and  that  these  become  of  less  value  the  fartlier 
back  we  go,  and  that  they  are  of  no  value  at  all  when  we  reach  the 
period  in  which  clearly  defined  nationalities  are  not  known. 

Every  evidence  of  nationality  ceases  in  pre^historiu  times ;  it  is  then 
a  mere  abstraction.  There  nationality  has  to  be  made  up  and  a  no- 
menclature adopted  which  can  be  at  best  only  a  designation  fur  a  cer- 
tain period,  valoeless  in  itself  and  unintelligible  to  future  times.  To 
be  sure,  to  talk  about  a  race  of  Cannstatt  or  of  Cro-Magnon  may  soand 
very  learned,  but  I  hope  that  ere  long  such  a  phraseology  will  be  dis- 
carded. 

At  present  questions  of  nationality  can  be  settled  only  with  great 
difficulty.  We  may  be  sure  of  being  tolerably  successful,  if  we  select 
some  island  of  the  Pacific  Ocean.  There  nationality  is  fully  developed 
and  its  people  are  tangible ;  every  one  of  them  is  easily  recognized  as 
belonging  to  a  distinct  nationality,  and  our  experience  is  similar  to  that 
of  tbe  geologist  who  ean  construct  a  whole  species  fVom  a  single,  or  tt 
most  only  from  afewskiillsofanimals,  orwhoatany  rate  can  determine 
from  a  single  skull  the  craniology  of  the  whole  species.     It  would  be  ver; 
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pleasant  to  be  able  1o  trace  the  history  of  a  wboie  tribe  wbeuever  a  skali 
U  foand,  bat  nufortuiiately  ve  are  too  ofteu  coafroiit«d  with  saefa  com- 
plicated variatious  that  we  lose  all  data  for  making  oat  the  nationality. 
Bat  in  an  island  uf  the  Pacific  Ocean,  wliich  poeseases  macb  moresden- 
ddc  interest  than  pohtical  importance,  we  find  an  analogy  to  animal 
races,  viz :  races  of  men,  developed  in  circumscribed  snrroandings,  with 
definite  characteristics,  easily  pointed  out,  who  represeuted  adistiuct 
type.  Much  to  our  regret  this  can  be  done  only  very  infrequently  in 
the  case  of  continental  tribee  or  nations.  To  determine  the  question  of 
uatioDality  with  regard  to  a  European  would  take  many  days. 

Permit  me  to  emphasize  right  here  that  ne  as  anthropologists  have 
little  right  to  thrust  into  the  foreground  the  idea  of  nationality,  iti  a 
narrow  sense  of  the  word.  We  know  thai  every  nationality,  take  for 
instance,  the  German  or  the  Slavonic,  is  of  a  composite  character,  and 
tliat  no  one  can  say,  on  the  spur  of  the  moment,  from  what  original 
stock  either  may  have  been  developed.  We  usually  call  the  Germans 
blonde  and  the  Slavonians  brunette,  yet  just  as  great  variations  iu  this 
respect  can  be  foaud  among  the  Germans  as  among  Slavonians.  In- 
fleed,  nortfaero,  southern,  eastern,  and  western  groups  of  either  nation 
present  such  a  large  number  of  varintions  that  it  is  just  as  difficult  to 
assert  that  the  Germans  came  from  a  common  stock,  as  is  the  case  with 
the  Slavonians.  Consauguinity  and  heredity  have  been  urged  an  ex- 
planation of  these  differences,  but  it  has  been  proven  that  certain  Sla* 
vonic  groups  are  more  nearly  related  to  the  Germans  than  to  their  owu 
^avonic  brethren.  If  we  compare  the  blonde  element  among  the  Poles 
and  Gallcians  with  the  brunette  Slavouiane  of  the  south,  it  is  found 
that  they  not  only  differ  with  respect  to  color  of  skin,  of  eyes,  and  of 
hair,  but  also  in  a  very  marked  degi-ee  in  the  structure  of  their  sknll; 
so  mnuh  so  indeed  that  the  former  show  a  greater  affinity  to  oar  Ger- 
man tribes  than  to  the  Slavonian.  In  ^Northern  Germany  matters  are 
stilt  more  intricate.  There,  in  some  of  the  old  burial  fields,  skulls  are 
found  which  might  be  called  Germanic,  were  it  not  that  they  clearly 
IMssess  Shivonic  added  character,  so  that  for  the  present  at  least  these 
lields  must  be  considered  Slavonic  burial  places.  To  make  the  case  still 
Hlronger,  there  are  found  in  the  famous  grave-rows  (Reihengr&ber)  of 
the  period  of  the  Franks  or  of  the  Merovingians,  with  their  character- 
istic ornaments  and  weapons,  skulls  which  very  distinctly  present  the 
peculiarities  of  the  Germanic  type.  Corresponding  to  these  in  an  an- 
thropological sense,  a  large  number  of  graves  have  been  opened  in  the 
east  of  Germany  where  similar  types  of  skulls  are  found ;  but  these  are 
lacking  iu  Prankish  peculiarities  and  are  characterized  by  Slavonic 
marks.    Greater  contrasts  than  these  can  not  be  imagined. 

It  is  at  present  an  impossibility  and  probably  will  t»e  for  all  times  to 
trace  back  to  a  common  type  either  the  Slavonic  or  the  German  tribes. 
When  we  compare  the  short  and  thick  skulls  of  our  Alemannic  brethren 
with  the  long  and  low  skulls  of  the  Frisians  and  Hanoverians,  it  is  evj- 
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dent  that  they  differ  more  from  each  other  th»n  is  the  case  with  Rknlls  of 
certain  Slavonic  or  German  tribes.  Coneeqaently  weinustgive  npUie 
idea  of  an  original  coosangninity  in  respect  to  each  one  of  the  historiu 
natiooaliticB.  We  do  not  possess  as  yet  any  known  conclosiTe  ttetivs  of 
observations  by  ineaoB  of  which  it  can  be  demonstrated  that  from  dolicbo- 
cephalous  families  there  have  been  developed  brachycephalons  individ- 
uals, such  as  we  find  among  Slavonic  or  Germanic  tribes.  It  may  he 
possible  by  means  of  cross  breeding  to  develop  in  process  of  time  from 
a  dolichocephalooB  family  a  bracliycffphalotis  one;  bnt  actaal  proof  of 
this  has  not  as  yet  been  produced.  Hence  we  are  compelled  to  adopt 
as  a  solution  the  theory  of  "  mixed  races."  A  mixed  race  is  one  whose 
elements  are  people  of  different  l>lood,  not  of  one  blood:  it  is  ooe  whicb 
can  not  appeal  to  a  common  origin  but  which  in  thecourtte  of  time  was 
made  op  of  elements  of  different  original  races.  This  theory  canses 
as,  as  yoo  easily  see,  to  attach  but  little  importance  to  nationalities  as 
such  existing  at  present.  It  will  be  our  task  to  determine  the  localities 
of  the  original  elementaof  this  mixture,  and  to  ascertain  whence  came 
these  brachycephalons  and  these  dolicbocephalous  peoples.  Somewhere 
there  must  be  a  starting  point  for  each  of  these  categories,  since  upon 
an  anthropological  map  these  distinctions  are  marked  with  geological 
clearness.  This  difficulty  not  only  exists  in  Germany  or  Austria  bnt 
also  in  Russia.  What  are  now  called  Knasians  are  made  up  of  a  very 
composite  mass  of  elements,  derived  from  the  farthest  parts  of  Asia, 
from  Turanian  and  Mongolian  stocks.  Hence  our  colleagnes  in  tbe 
East  are  in  no  less  a  quandary  than  ourselves.  They  too  meet  wide 
differences  between  north  and  south,  east  and  west 

In  the  popular  mind  these  questions  are  very  easily  considered  to  be 
concerned  merely  with  a  single  nationality,  but  we  must  not  only  tr.v 
to  solve  them  in  respect  to  one  nation,  but  for  tUe  whole  of  Europe.  In 
attempting  to  do  this  our  investigations  carry  ns  farther  and  further 
^m  a  consideration  of  tlieir  si)ecial  relation  to  individual  natiotiru  1 
may  be  permitted  to  say  right  here,  that  we  are  all  especially  interet*t«l 
to  see  such  investigations  carried  on  in  this  Austrian  Monarchy;  for 
Austria  in  ita  peculiar  development  ]ias  preserved  in  greater  purity  the 
remnauts  of  old  nationalities,  thau  any  other  state  in  Europe.  Every- 
where else  the  change  of  former  environments  has  gone  on  to  a  larger 
extent,  the  remains  of  antiquity  have  been  crowded  back  so  far  that  &t 
present  it  is  very  difficult  to  make  collections  of  the  very  oldest  remains. 

We  are  now  occupied  with  the  establishment  of  a  museum  in  Berlin 
for  German  costumes  and  domestic  ntensils;  we  intend  to  preserve  i" 
it  everything  that  can  yet  be  saved  from  destruction.  In  some  locali- 
ties the  very  last  relic  has  been  secured  for  our  museum.  Here  and 
there  we  meet  with  lingering  recollections  of  primitive  days,  but  these 
cannot  be  compared  with  the  living  realities  in  so  many  districts  of 
Austria. 

A  reference  to  dead  and  living  languages  will  make  plain  this  con- 
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traat  referred  to.  For  while  a  dead  langaage  may  indeed  be  studied, 
the  investigation  of  a  living  language  secures  to  a  greater  degree  a  com- 
prehenfliou  of  its  fnuOamental  elements,  than  the  mere  stndy  of  antbors, 
each  one  of  whom  expresses  his  own  individuality.  So  that  we  lose 
atght  of  the  fact  that  this  individuality  of  the  author  studied  can  not 
be  the  portrait  of  the  thoughts  of  the  people  to  whom  he  belongs.  On 
this  account  we  notice  with  especial  gratitude  the  efforts  along  that 
line,  which  are  gradually  sprea<)ing  thronghout  all  Austria  and  of  which 
the  late  Crowu  Prince  Rudolf  was  the  ackuowledged  leader. 

Extensive  labors  were  carried  on  under  his  direction  and  by  reason 
of  his  personal  participation  in  them  promised  to  yield  rich  returns  of 
trustworthy  reports  taken  from  life  concerning  the  nationalities  of 
Anstria.  To-day  the  place  is  vacant  in  which  be  hoped  to  stand;  at 
the  throne  we  were  considering  the  establishment  of  this  congressj 
aofl  it  is  fitting  that  1  should  voice  the  sorrow  of  all  on  account  of  the 
toss  which  this  great  country  has  sustained  in  him  who  seemed  to  be 
one  of  the  most  humane  princes  of  this  century.  We  trust  that  tbp 
idea  bequeathed  to  us  in  bis  words  will  not  be  lost,  bat  prove  a  precious 
heritage  to  Austria,  which  wilt  t>e  carried  on  by  faer  to  completion.  It 
mil  be  oar  aim  to  do  all  in  our  power  to  foster  a  spirit  of  union  with 
our  neighbors,  which  is  so  essential  to  the  success  of  such  an  under- 
taking. 

lu  the  department  of  archieology,  you  have  made  large  advances 
daring  the  last  few  years,  completely  over  shadowing  the  rather  slow 
progress  of  former  years,  which  caused  at  times  a  little  feeling  of  im- 
patience ID  the  bosom  of  your  superintendent.  Those  of  ns  who  saw 
yesterday  your  new  buildings  and  your  finely  arranged  collections  were 
obliged  to  ground  their  weapons.  We  can  not  longer  keep  up  onr 
rivalry  in  view  of  such  magnificence  and  completeness.  Such  a  palacp 
of  science  as  your  Imperial  Natural  Historic  Museum  can  be  found  nq- 
wbere  else,  and  we  too  though  strangers,  must  praise  most  liighly  th(! 
beneficent  plans  of  His  Mjyesty  the  Emperor,  as  well  as  of  the  Govern- 
ment, which  have  been  executed  in  such  an  admirable  maimer.  Here 
ve  find  revealed  the  incredible  riches  of  pre-historic  materials  belongiug 
to  Anstria.  Scarcely  can  there  be  found  anywhere  else  a  museum  sufr- 
pasBing  this  one. 

We  are  always  sure  to  see  in  Austria,  every  possible  effort  made  to 
pat  into  execution  any  views  which  have  fully  gained  ascendancy.  I 
hope  therefore  that  under  the  direction  of  Mr.  von  Hauer,  with  the 
assistance  of  such  accomplished  investigators  as  are  here  to  tw  found,  ^ 
farther  development  of  the  pre-historic  archieology  of  Austria  may  ta^c 
place  and  reach  such  a  degree  of  perfection  that  the  different  branches 
of  local  types  will  be  arranged  into  a  comprehensive  whole. 

Several  years  ago  we  differed  widely  concerning  the  interpretation 
of  certain  local  finds.  At  that  time  the  most  noted  Austrian  investi- 
gators thought  that  the  original  seat  of  European  civilization  must 
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liave  been  iu  the  mountaius  of  Austiiii,  wbile  tbe  Uermaus  oooteuded 
tliat  tbe  Htarting  poiat  must  be  look«]  for  farther  soutb.  I  myself, 
althoagh  recoguiziug  the  importance  of  tbis  local  deTelo]>meQt,  vao  iu 
favor  of  tbe  Gerraau  theory.  It  seems  to  me  that  every  day  the  bouds 
are  made  strougerof  a  definite  coiiDec.tioo  among  tbe  uattous  of  tli6 
uorih  aud  south  ns  regards  their  civilization. 

My  own  travels  in  places  of  aucieut  bamun  civilization  as  well  as  a 
uludy  of  recent  literature  convince  me  that  the  uunierous  titicls  made 
iu  Egypt  and  Babylonia  prove  conclusively  tbat  tbe  origins  of  our 
civilization  are  to  be  fooiid  only  to  a  small  degree  in  our  own  coantry, 
or  that  they  have  arisen  out  of  individual  necessities,  bat  that  on  the 
contrary  there  exists  a  connection  with  the  pre-bistoric  times  of  those 
nations  of  ancieut  civilizations,  aud  that  from  tbem  there  have  been 
derived  onr  present  Hues  of  culture.  I  vill  not  say  aoytbing  further 
concerning  this  poiut,  only  to  call  your  attention  to  a  publlcattou  of 
iuvestigatiouB  in  our  Berliner  ZettschriftfitrEtbDologtecoDceroingoiU 
weights  and  measures.  These  investigations  demonstrate  again  tbe 
fact  tbat  our  present  weights  and  measores  existed  iu  all  their  detailo 
in  remotest  antiquity  and  were  at  tbat  time  in  common  nse,  tbat  oar 
modern  measnres  correspond  to  the  old  as  far  as  one-tenth  of  a  gram, 
aud  that  we  therefore  have  not  made  any  advancement  in  resj^ect  to 
tbem  since  4000  b.  c. 

I  have  stated  elsewhere  that  only  a  few  people  can  be  culled  inveDtois. 
At  times  it  happens  indeed  that  similar  inventions  are  made  at  the 
same  time  iu  ditt'ereut  places,  and  that  tbe  same  ideas  make  tbeir  way 
in  different  dircctious,  and  it  is  said  at  such  times  "  these  things  were 
iu  the  air."  But  it  is  not  iu  tbe  air  but  in  living  human  beings  where 
such  things  exist.  Yet  if  at  times  two  men  arrive  at  the  same  thing, 
a  closer  study  proves  that  after  all  there  is  a  difference.  Bverywhere, 
whenever  we  can  follow  the  history  of  human  culture  iu  iudividual 
things,  we  find  that  it  was  not  the  icork  of  the  masses  tchich  determined 
the  great  lines  of  eiriHsaiion,  but  the  work  of  indiridaals,  or  of  individMol 
tribes,  or  of  individual  nations,  if  i/ou  please. 

Kot  only  iu  our  study  but  iu  other  matters  however  we  met  with 
numerona  contradictions  which  for  a  long  time  impeded  tbe  discovery 
of  tbe  true  direction  of  civilization  in  general,  and  tbe  connections  of  tbe 
civilization  of  ditt'ereut  countries.  Tbis  difficulty  is  so  great  becanse 
first  of  all  a  mass  of  antiquated  traditions  remaining  nntil  the  present 
most  be  discarded  in  order  to  determine  this  question  aright.  There 
are  in  Europe,  perhaps  three  or  four  museams  in  which  Caucasian 
antiquities  are  more  richly  represented  than  anywhere  else,  and  among 
them  your  Imperial  Museum  herein  Vienna  occupies  a  prominent  place. 

Until  a  very  recent  ])eriod  when  these  collectioas  came  to  Europe  it 
was  a  rigid  dogma  of  philologists  and  Hrchieologista  tbat  the  bronxe 
ciilrure  bad  its  origin  iu  tha  Caucasus.  Its  impossibility  has  now  been 
proven,  for  wo  do  not  liud  bronze  of  a  primitive  form  or  mixture  in  the 
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Oaocasus,  but  of  the  same  composition  aa  that  fooad  in  Greece  and 
Italy,  and  at  the  same  time  in  an  advanced  state  of  development  that 
dearly  proves  it  to  be  an  importAtion.  Whether  single  articles  were 
imported  or  only  patterns  and  a  knowledge  of  the  art  of  making  bronze 
matters  little.  At  any  rate  the  invention  mnst  have  been  made  in 
another  place. 

By  ezaminiDg  different  conntries  and  nations  we  saccee<l  in  narrow- 
ing the  territory  ontil  by  beeping  on,  we  may  find  the  point  of  beginning 
of  bronze  manofactare.  We  shall  probably  be  nnable  to  find  the  orig- 
inal inventor,  but  we  shall  team  the  steps  which  mankind  has  taken  in 
its  advance  regarding  bronze  manufacture. 

It  may  be  mentioned  at  this  point,  that  just  such  considerations  as 
these  enable  us  to  cast  a  retrospective  glance  upon  the  last  twenty  years, 
and  to  exhibit  the  progress  made  by  ns  in  the  science  of  archseology. 
The  science  of  pre-historie  arcfaseology  twenty  years  ago  had  reached 
in  bat  few  places  its  fait  development.  At  that  time  the  moseum  at 
Copenhagen  was  so  far  ahead  of  all  others  that  it  was  considered  as 
an  unattainable  prototype;  next  to  this  was  the  one  at  Lund,  and  later 
on  the  ooe  at  Bergen.  Here  there  was  exhibited  a  seemingly  tdrcum- 
scribed  field  of  civilization  which  was  called  for  brevity  the  Scandi- 
navian. The  ScandiDavians  indeed  went  so  far  as  to  believe  that  their 
remote  ancestors  had  invented  these  things,  and  that  only  at  the  time 
of  the  Bomaus  had  there  taken  place  an  influx  from  without.  The  aged 
Nilsson  with  his  Phoenician  hypothesis  stood  all  alone.  Matters  have 
changed  considerably  since  then.  Many  Scandinavians  to  be  sure  still 
defend  the  old  view,  by  pointing  out  the  great  development  which  the 
older  bronze  exhibits  in  the  north,  but  none  of  them  serionsly  believe 
that  the  invention  of  bronze  was  really  a  northern  achievement,  even 
tbongh  the  mannfaoture  in  bronze  shows  numerous  oorthem  peculiar- 
ities. We  take  in  like  manner  Chinese  patterns  and  copy  them,  bat 
although  by  modiflcatious,  the  style  may  be  called  at  last  German  or 
Anstrian,  the  Chinese  origin  never  disappears  entirely.  Among  as 
scarcely  any  one  believes  in  the  Scandinavian  origin  of  bronze.  At 
present  we  may  assame  that  our  Scandinavian  friends  are  convinced 
that  brouee  came  to  them  aa  a  finished  thing.  The  formula  of  its  compo- 
sition was  invented  before  it  came  to  the  Dortb.  Although  apteial  pecal- 
iarities  have  been  developed  aud  although  the  art  of  bronze  manufiut- 
ure  seemed  to  floorisb  more  independently  in  the  north  than  in  the 
Bonth,  nevertheless  they  mnst  admit  that  their  ancestors  were  not  the 
inventors  of  bronze.  Here  I  tbink  lies  the  main  difference  between  the 
former  and  the  present  theory.  Formerly  it  was  thought  that  the 
secret  lay  concealed  in  the  north,  that  there  the  origin  of  our  metallar- 
gical  art  was  to  be  fonnd  and  that  there  bad  lived  the  original  smith 
horn  whom  our  people  had  inherit«d  their  technique.  During  the  last 
two  decades  anotber  view  has  found  mnch  favor,  aud  for  many  good  aud 
strong  reasons  it  is  called  the  lodo-Uerman  or  Aryan  theory.  Inter- 
H.  Mis.  224 36  :  CoO^lc 
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esting  investigations  were  made  to  prove  bow  the  Indo-GermaDs  in  their 
immigratioDS  from  the  east  and  from  the  centra)  parts  of  the  tnouDtains 
of  Asia,  had  brought  with  them  on  their  advance  towards  Enrope,  all 
sorts  of  things  anil  formalfB,  not  only  the  knowledge  of  the  smelting  of 
bronze,  bat  also  precioasstoues  like  uephriteandjadeite.  Bat  this  Indo- 
Germanic  theory  has  received  lately  some  very  damaging  blows  and 
none  more  destroctive  than  from  the  qaarters  of  pre-faistoric  archeeology. 

Id  spite  of  much  care,  we  have  not  as  yet  sacceeded  in  finding  any 
patterns  in  the  sapposed  Asiatic  home  of  bronze.  I  myself  have  made 
strenaoas  efforts  to  find  origiDal  Indian  bronzes,  but  have  not  obtuned 
types  which  would  justify  the  statement  that  this  importation  allnded 
to  ever  took  place,  ^ot  even  aaffloient  proof  can  be  found  for  saying 
that  the  classic  formula  of  90  parts  of  copper  and  10  parts  of  tin  was  in 
ase  in  India.  This  formnla  remained  as  constant  as  the  measures  of 
weight  and  length.  Both  facts  present  a  good  argument  for  the  existr 
ence  of  a  contiunous  commanicatioo  of  knowledge  fh>m  one  generation 
to  the  next. 

Indian  bronzes  are  zinc  bronzes,  like  mixtures  fonnd  in  ourconntiy  be- 
longing to  the  time  of  the  Boman  empire.  There  are  no  authentic  speci- 
mens of  them  found  in  Enrope  dating  before  the  Christian  era.  Pre- 
historic archffiology  therefore  at  the  present  offers  the  poorest  kind  of 
testimony  for  the  Indo-Oermanic  origin  of  bronze.  Moreover,  the  rontM 
of  migration  of  the  Indo-Oermaus  are  mapped  out  diflierently.  Some 
authors  put  them  northward  of  the  Aral  and  Caspian  Sea,  others  to  tbe 
south.  The  northern  route  must  be  considered  an  entirely  arbitrary 
bypotbesis,  for  there  have  never  been  fonnd  any  Aryan  trittes  in  those 
regions.  On  the  other  hand,  we  find  along  the  supposed  sonthem  route 
of  the  Indo-Germans  mainly  a  population  of  brachycepbalons  peoples, 
which  fills  the  Caucasus  and  the  Armenian  highlands,  Thrace,  and  lUy- 
ria.  All  these  di&r  matenally  from  those  inhabiting  tbe  north,  espe- 
cially from  the  Scandinavians.  This  Indo-Uermauic  hypothesis  is 
attended  with  still  another  difSculty.  Existing  races  in  this  region  not 
only  differ  among  themselves  in  their  physical  composition  and  are 
crossed  in  various  ways,  but  they  also  diverge  widely  in  many  of  the 
conditions  of  life. 

Archaeological  researches  have  nowhere  led  to  the  beginning  of  a 
common  civilization  in  an  indisputably  Aryan  territory.  Of  ooune  this 
does  not  necessitate  an  attempt  to  locate  the  origin  of  the  Ayran  race 
in  Germany  or  Belgium,  as  has  been  proposed  in  the  case  wbeie  the  raoe 
of  Caonstatt  or  of  Neanderthal  (a  dolichocephaioos  people)  Is  said  to 
represent  the  original  central  stock. 

Tbe  pre-historic  theory  of  the  much  abused  shall  of  Cannstatt  has 
been  much  shattered;  it  does  not  fit  into  that  far  off  period  into  which 
our  French  neighbors  place  it.  Too  little  attention  has  been  paid  to 
the  proposition ;  that  international  intereourae  i»  a  more  important  /wtor 
arckaoUtgicallg  eonaidered  than  we  are  aont  to  tkink.    With  an  inoreasiBg 
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oonviction  of  its  trath  a  greater  value  will  be  attached  to  proofs  which 
show  that  there  has  beeu  a  traDStnitting  of  cnlture  from  oae  race  to  an- 
other. Nothing  has  given  me  greater  joj  than  the  discovery  of  those 
large  borial  fields  in  the  most  soathem  parts  of  the  Austrian  Alps,  along 
the  coast  and  in  Istria  for  which  we  are  indebted  to  the  energy  of  Messrs. 
De  Marchesetti  and  Szombatfay.  A  number  of  new  links  have  thus 
been  welded  into  the  chain  of  the  old  system  of  trausmission,  and  the 
result  of  these  researches  vill  doubtless  be  embodied  in  a  series  of 
papers,  and  gtvea  to  the  public. 

Let  me  emphasize  right  here  that  these  finds  are  most  valnable  be- 
cause thej  prove  a  pre-faistoric  iuteraatiooal  intercoorse  (not  migrations, 
for  this  can  not  be  established) ;  and  because  they  exhibit  the  directions 
which  civilization  has  taken.  They  will  also  beget  in  oai  iaternational 
iuterooorse  a  little  more  modesty  and  amiability  than  seems  to  esist  at 
times  on  aocount  of  a  too  great  sensitiveness  about  this  idea  of  nation, 
ality. 

If  different  races  would  recognize  one  another  as  iudependeut  co-ta- 
borers  in  the  great  field  of  humanity,  if  all  possessed  a  modesty  which 
would  allow  them  to  see  merits  in  neighboring  people,  much  of  the  strife 
now  agitating  the  world  would  disappear. 

A  tar  greater  ravolatiou  than  that  which  took  place  in  the  sphere  of 
archeology  has  been  brought  about  iu  authropoiogioal  science.  At 
the  time  of  onr  coming  together  twenty  years  ago,  Darwinism  had  just 
made  its  first  triumphal  march  through  the  world.  My  friend  Karl 
Vogt,  with  his  nsua!  vigor,  entered  the  contest  and  through  his  personal 
advocacy  secured  for  this  theory  a  great  adherence.  At  that  time  it 
was  hoped  that  the  theory  of  descent  wontd  conquer  uot  in  the  form 
promolgated  by  Darwiu,  bat  in  that  by  his  followers; — for  we  have  to 
deal  now  not  with  Darwiu  but  with  Darwinians.  No  one  doubted  that 
the  proof  would  be  forthcoming,  demonstrating  that  man  descended 
from  the  monkey  and  that  this  descent  from  a  monkey  or  at  least  from 
some  kind  of  an  animal  would  soon  be  established.  This  was  a  chal- 
lenge which  was  made  and  saccessfully  defended  in  the  first  battle. 
Bvei7  body  knew  ail  abont  it  and  was  interested  in  it;  some  spoke  for  it, 
others  against  it.  It  was  considered  the  greatest  question  of  Anthro- 
pology. 

Let  me  remiudyon  however  at  this  point  that  natural  science,  as  long 
as  it  remains  such,  works  only  with  real  existing  objects;  a  hypothesis 
may  be  discussed,  but  its  significance  can  only  be  established  by  pro- 
ducing actual  proofs  iu  its  favor,  either  by  experimeuts  or  direct  obser- 
vations. This  Darwinism  has  not  succeeded  in  doiug.  In  vain  have 
its  adherents  sought  for  connecting  links  which  should  connect  man 
with  the  monkey ;  not  a  single  one  has  been  fonod.  The  so-called  pro- 
anthropos  which  is  supposed  te  represent  this  connecting  link  has  not 
as  yet  appeared.  No  real  scientist  claims  te  have  seen  him ;  hence 
the  pro-authropos  is  not  at  present  an  object  of  discussion  for  an  an- 
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tbropologist.  Some  may  be  able  to  see  him  in  their  dreams,  botKbeu 
awake  they  will  uot  be  able  to  say  that  they  hare  met  bim.  Even  the 
bope  of  a  future  discovery  of  this  pro-antbropos  ia  highly  improbable^ 
for  we  are  uot  living  in  a  dream,  or  an  ideal  world,  bnt  in  a  real  one. 

At  onr  meeting  in  Innspruck  it  looked  as  if  it  might  become  possible 
to  demnstrste  amid  the  excitement,  the  descent  of  man  from  the  mon- 
key or  some  other  animal.  At  present  to  oar  regret  we  do  not  ev«i 
possess  the  meaoa  to  prove  a  descent  of  the  iDdividnnl  races  tVom  one 
auother.  It  was  not  known  at  that  time  how  difficult  it  is  to  prove  that 
all  men  are  brethren,  nevertheless  laborioaa  attempts  were  made  to  show 
the  unity  of  mankiud. 

I  There  was  an  inclination  to  single  ont  individual  skulls  and  skele- 
toDB  fonnd  amoug  the  remains  of  men  in  caves,  as  for  instance  in  the 
caves  of  the  "  Maasthal ",)  as  representative  types,  and  ftvm  them 
make  up  the  races  of  primitive  ages.  Some  clwmed  the  original  race 
to  have  been  Mongoloid,  others  contended  that  the  first  man  was  Ana- 
tralioid.  It  all  depended  on  the  question  whether  the  Mongolians  or 
the  Australians  were  the  lowest  race.  The  first  European  must  have 
looked  like  one  of  tbem,  it  was  said.  But  the  first  European  has  not 
yet  been  found.  At  preseut  we  know  that  judging  from  his  remains, 
primitive  man  did  uot  resemble  a  monkey  any  more  than  do  men  of 
to-day.  Theaucients  were  well  formed,  they  bore  the  same  characteristic 
marks  which  we  find  in  men  of  our  times;  uot  a  single  one  was  so 
poorly  developed  as  to  justify  us  in  saying  that  he  possessed  the  lowest 
form  of  skull. 

Twenty  years  ago  little  was  known  of  the  skull  forms  of  the  lowest 
primitlvi!  nations.  This  accounts  for  basty  judgments  passed;  the 
wildest  ideas  were  afloat  about  the  make  up  of  the  lowest  tribes.  No 
one  possessed  any  exact  idea  coDcerniug  the  physical  construction  of 
the  Eskimos,  Fatagonians,  etc.  To-day  there  is  scarcely  upon  oar 
earth  a  tribe  which  might  be  called  entirely  unknown.  There  is  only 
one  place  where  there  is  some  possibility  of  new  discoveries, — I  mean 
the  peninsula  of  Malacca ;— but  even  in  this  place  we  have  an  energetic 
agent  at  work.  Its  inhabitants,  according  to  the  results  of  tbe  re- 
searches of  some,  seem  to  satisfy  most  uearly  the  demands  made  for  a 
towes  trace.  Aside  from  these  we  know  them  all, — Fatagonians,  Esbi- 
raos,  Bushmen,  Yeddas,  Laplanders,  Australiaos,  Folynesians,  Mela- 
nesians ;  about  many  of  them  we  really  know  more  than  of  European 
nations. 

If  for  iustauce  you  take  the  case  of  individual  islanders  aud  oom- 
pare  them  with  Albanians,  I  may  say  that  more  investigations  have 
been  made  concerning  the  Polynesian  natives  than  concerning  sepante 
groups  of  Albanians.  All  these  uucirilized  nations,  which  stand  ao 
low  in  their  mental  development,  are  becoming  gradually  known  to  as. 
Of  most  of  them  we  have  in  Europe  good  typical  examples,  concerning 
whom  the  most  exact  observations  in  respect  to  their  whole  oi^anixs- 
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tioD  have  been  made.  Not  a  few  of  these  died  ia  Enrope,  and  on  that 
account  were  mord  eapecially  noticed.  We  possess  greater  Icnowledge 
coDceruing  the  braius  of  a  Patagoniao  than  about  the  brains  of  the 
civilized  nations  of  Asia. 

Not  one.of  these  examples  resembled  the  monkey  any  more  than  (if 
indeed  as  much  as)  it  does  our  own.  Sow  the  systematic  naturalist  de- 
termines thelines  separating  genera  aud  species  in  the  following  manner: 
Whenever  he  finds  that  the  totality  of  points  of  one  gronp  equals  that  of 
the  other,  he  separates  both  from  related  genera  or  species.  If  however 
the  respective  sams  of  their  points  are  equal  he  draws  a  line  between 
tbem  and  makes  of  each  a  separate  genus  or  species.  Sach  a  dividing 
line  is  drawn  between  man  and  monkey.  Every  living  race  of  men  is  ' 
as  yet  purely  hnmau ;  not  one  has  been  fonnd  which  might  be  called 
pithecoid,  or  which  might  be  considered  au  intermediate  race  between 
DUD  and  monkey. 

I  most  however  admit  that  there  exists  a  series  of  peculiarities  foond 
among  men  which  are  called  pithecoid,  and  these  can  not  be  explained 
as  mere  distarbances  or  hindrances  of  their  normal  development.  Let 
me  illustratfi :  The  higher  apes  exhibit  frequently  an  especial  develop- 
ment of  the  sknll  in  the  region  of  the  temples.  Just  as  in  the  case  of 
man,  several  bones  join  in  the  depressiou  beneath  the  muscles  covering 
this  part.  From  below,  the  upper  edge  of  the  great  wing  of  the  sphenoid 
bone  joins  the  parietal  bone;  the  squamous  portion  of  the  temporal 
bone  to  which  the  ear  is  attached  touches  this  spot  fh>m  behind,  and 
the  frontal  bone  is  joined  anteriorly  to  the  other  three  bones  just  men- 
tioned. These  fonr  bones  come  together  in  sach  a  manner  that  the 
parietal  and  the  sphenoidbone,  joining  each  other,  beep  the  frontal  and 
the  temporal  bone  apart  by  being  thus  nuitedly  wedged  iu  between 
them.  Now  in  the  sknll  of  the  monkey  a  long  process  of  the  temporal 
bone  is  frequently  found  wedging  itself  iu  as  far  forward  as  the  frontal 
bone,  thas  separating  the  parietal  and  the  wing  of  the  sphenoid  bone. 
This  constitutes  a  marked  difference  of  great  value,  since  this  does  not 
occnr  in  man,  as  a  rule,  but  there  exist  isolated  cases  where  this  same 
peunliarity  is  found. 

As  we  examine  large  collections  of  skulls  and  formulate  the  result, 
we  find  that  certain  races  show  these  peculiarities  more  than  others. 
So  fu-  as  we  can  tell,  three  races  especially  exhibit  them.  We  find  tbem 
first  of  all  among  the  Australian  and  African,  i.  e.,  the  black  races; 
then  among  the  yellow  in  the  Malay  Archipelago,  especially  on  that 
diain  of  islands  which  connects  New  Guinea  with  Timor,  and  to  which 
are  joined  the  Molucca  Islands  iu  the  north  and  Australia  in  the  south. 

I  lectured  only  a  little  while  ago*  ooucerning  a  number  of  skulls  of 
Alfnros,  of  Teuimber,  among  which  this  peculiarity  was  noticeable.  At 
the  same  time  another  characteristic  was  observed,  naq;$ly,  the  enor- 
mous development  of  the  jaws,  as  shown  in  a  greatly  projecting  ridge  of 
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the  arch  of  the  jaw  and  of  tbe  teeth.  Associated  with  this  progcath* 
ism  there  is  fouad  aa  inward  curving  of  tbe  nos6,  together  with  tbe 
extreme  flatteuing,  as  if  Bomel>ody  bad  satOQ  it.  In  this  case  some- 
times the  nasal  bones  grow  into  one,  which  scarcely  ever  takes  pUoe  is 
other  races  of  man.  These  forms  also  are  espedaUy  characteristic  of 
oatarrblne  apea.  Hence  this  catarrhine  nose  is  a  kind  of  pithec*^ 
element  (Tbermorpby).  In  certain  localities  this  oooors  mote  freqaeotly 
than  in  others,  and  there  may  have  existed  a  greater  propinquity  of  re- 
lation with  apes.  It  is  not  withoat  importance  to  remember  that  among 
tbe  anthropoid  apes,  the  gorilla  and  chimpanzee  are  fonnd  in  Africa,  and 
the  ornog  and  tbe  gibbon  in  the  Indian  Archipelago.  Bat  if  yon  in- 
qnire  farther,  may  not  the  AnstraliaD  and  the  Afirican  blacks  or  tba 
Malay  and  the  Alfores  be  the  soaght-for  coooecting  links  which  bridge 
the  chasm  between  man  and  the  apet  Xo  one  can  answer  with  an  ab- 
solute no.  It  might  be  possible,  bat  possibility  is  a  great  way  from  re- 
ality. For  temporal  processes,  catarrhine  noses,  and  prognathoas  jaws, 
do  not  make  an  ape ;  a  namber  of  other  characteristics  are  necessaiy 
to  produce  a  monkey. 

Hypotbetically  from  every  piece  of  skin  a  monkey  may  be  oon- 
Btrnoted ;  no  anatomist  ever  donbted  this.  But  the  differences  between 
man  and  monkey  are  so  wide  that  almost  any  fragment  is  snEBcieDt  to 
diagnose  them.  Much  is  still  lacking  for  a  demonstration  of  the  theory 
of  descent. 

How  necessary  it  is  then  as  we  may  look  at  the  problems  of  the  fu- 
ture, to  make  still  more  far-reaching  researches  in  this  particular  tKanch 
of  science  which  has  to  do  with  the  earlier  developments  of  tbe  hnman 
race.  Especially  should  there  be  made  careful  investigations  oonoem- 
iug  prehistoric  man  in  Australia,  and  also  in  Indonesia.  If  anthropo 
logically-trainetl  physicians  would  stay  there  continuously  and  make 
researches,  perhaps  essential  and  important  proofs  might  be  found. 

At  present  they  are  still  lacking,  and  we  can  study  the  early  state  of 
man  only  by  means  of  what  old  graves,  a  few  caves,  and  lake-dwellingVi 
and  what  the  present  can  furnish  ns.  I  would  not  pass  over  in  silence 
tbe  fact  that  from  all  these  sources  mentionei)  only  specimens  of  man 
have  been  discovered  of  which  we  need  not  be  ashamed  and  whom  we 
may  fully  acknowledge  as  brethren.  Throngh  the  kindness  of  Swiss 
colleagues,  I  was  enabled  to  make  comparative  ezaminatioos  of  nearly 
all  the  existing  sknils  of  the  lake-dwellers.  It  became  evident  to  me 
that  even  in  those  times  difference  existed  between  tribes  which  prob- 
ably came  upon  the  scene  of  action  one  aft«r  the  other.  None  of  tbem 
however  was  constructed  in  such  a  manner  as  to  lie  outside  of  tiie  phys- 
ical form  of  our  present  nationalities. 

Again,  it  can  not  be  said  that  all  races  have  descended  fh>m  a  siDgle 
human  pair.  This  matter  does  not  lie  within  the  provinoe  of  natural 
science  proper.  Everybody  may  deci.le  that  to  snit  bimaelt  Those 
who,  on  account  of  their  religious  convictions,  need  a  first  pair,  will 
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encounter  do  objectioQ  from  as.  A  possibility  ezistB,  we  acknowledge, 
that  all  races  and  tribes  ma;  have  spmng  from  a  single  pair  by  means 
<rf  tranamatatione.  Bat  no  one  has  actnally  demonstrated  that  negroea 
descended  from  white  parents,  or  vice  versa.  Whenever  a  black  tribe 
it  found  the  naturalist  supposes  that  there  were  negroes  before,  and 
where  a  white  tribe  is  located  that  such  a  tribe  always  has  been  white. 
Of  ooorse,  all  this  is  likewise  a  mere  supposition,  which  can  not  be  es- 
tablished. In  short,  every  proof  is  lacking  to  show  that  a  nation  or  a 
tribe  is  capable  of  a  total  transmutation.  This  is  seen  in  Egypt.  E 
thought  that  I  could  find  by  means  of  comparative  examinations  of  the 
lii  ing  and  the  remains  and  pictures  of  the  dead  some  points  establish- 
ing a  change  of  ancient  Egyptians  into  Egyptians  of  historic  times,  but 
I  liave  returned  with  the  conviction  that  ancient  Egypt  and  its  neigh- 
boring countries  have  not  essentially  changed  during  all  these  periods. 
If  Menes  really  existed,  there  were  in  hia  time  negroes,  since  quite 
old  moral  paintings  show  negroes  with  all  their  peonliarities.  "Sot 
do  the  native  Egyptians  oflGer  any  data  to  speak  of.  The  Egyptian  of 
to^ay  possesses  still  the  forms  of  the  ancient  one.  Unfortunately  for 
ns,  Egyptian  sknlls  and  skeletons  are  not  as  ancient  as  we  might  wish. 
There  has  never  a  skull  been  seen  belonging  to  the  three  oldest  dynas- 
ties. Hence  there  is  no  possibility  of  a  continaons  list.  But  anyhow 
the  register  goes  as  fai  back  as  3000  b.  c.  with  positive  certfunty,  which 
fives  OS  in  all  some  0000  years.  Daring  this  long  time  only  one 
difference  has  been  noticed,  namely :  An  appearance  of  bracbycephalons 
men  in  the  old  kingdom  in  contrast  with  dolicho-  and  meso-cephalons 
people  of  the  new  kingdom.  At  any  rate,  definite  proof  is  not  wanting 
that  since  the  beginning  of  the  new  kingdom,  1700  B.  c,  no  noteworthy 
change  of  type  has  taken  place.  A  permanence  of  type  accordingly 
during  thirty-flve  centuries  is  established. 

It  does  not  look  unreasonable  to  assume  a  certain  influence  of  climate 
and  oocapation.  In  this  respect  both  the  straitest  orthodoxy  and  the 
purest  Darwinism  agree.  Their  thesis  is  the  same.  The  former  go  as 
tu  back  aa  the  first  human  pair,  the  latter  beyond  it  to  the  first  pair  of 
animals ;  aside  from  this  they  both  accept  the  transmutation  of  a  primi- 
tive race  into  diflferent  races.  Those  can  not  sustain  scientifically 
±eir  position  in  the  case  of  man,  and  these  as  regards  the  monkey.  If 
yon  should  ask  me  whether  the  first  pair  was  white  or  black,  I  must 
confess  I  do  not  know.  We  have  no  foundation  upon  which  to  base 
any  decision.  It  can  not  be  supposed  that  there  lived,  e.  g.,  in  France 
at  the  dme  of  the  troglodytes  all  negroes  with  woolly  heads  and  that 
from  these  sprung  white  and  straight-haired  people.  For  other  reasons 
moreover  it  is  not  clear  to  me  how  or  where  this  could  have  happened. 
The  very  oldest  remains  show  already  differences.  It  sonnds  very 
plausible  that  the  north  made  man  light  complexioned.  But  in  Amer- 
ica where  similar  conditions  exist  we  do  not  find  any  blonde  natives. 
The  primidve  Qermans  as  welt  as  the  Finns  of  Mongolian  origin  are 
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blODile,  wliy  tbese  Bboold  be  thoB,  while  the  resc  of  tbo  MoDgoUatu 
became  black  or  deeply  branette  is  a  qneation  which  we  can  not  an- 
swer. It  mast  not  be  forgotten  that  laognage  does  not  stand  in  oorrela- 
tioD  withontward  physical  phenomena.  On  the  contrary,  they  arerelatod 
to  each  other  in  a  similar  manner  as  a  process  of  the  forehead  which 
may  appear  aa  a  single  mark  without  its  necessitatiog  a  corresponding 
similarity  in  all  the  rest  of  the  given  characteristics ;  nor  can  we  say 
that  Dndemeath  a  light  skin  there  is  always  one  and  the  same  arrange- 
meDt  of  internal  organs.    It  may  be  entirely  differeat. 

In  this  particular  direction  I  have  tried  ftmn  the  very  first  appear- 
ance of  Darvinism  to  modify  the  doctrine  of  heredity.  I  recognize  u 
troth  the  law  of  heridity,  bnt  I  ever  emphasized,  and  do  so  again  to- 
day, ttiat  heredity  tn  man  is  only  a  partial  one.  Mao  is  not  sabject  to 
a  general  heredity  by  means  of  which  aU  pecaliarities  are  developed  in 
him  from  generatioD  to  generation.  If  botaoists  have  begnn  upon  a 
basis  of  local  variations  to  establisb  sabdivisions,  and  in  that  way  have 
instituted  within  the  same  genus  individual  sub-genera  or  variations 
with  hereditary  character,  it  is  a  very  easy  matter  to  form  ont  of  these 
snb-genera  new  genera.  But  the  fact  that  within  the  saihe  geuns  there 
oocar  individual  variations  which  appear  to  be  hereditary,  only  proves 
that  the  same  individual  may  be  the  possessor  of  different  hereditaiy 
pecaliarities. 

It  is  indeed  well  known  that  one  may  inherit  peculiarities  from  both 
fetherand  motherandtbns  unite  in  himself  adonble  heredity;  or  he  ma; 
even  exhibit  characteristics  which  belonged  to  his  grandparents  while 
at  the  same  time  marks  may  be  present  which  were  inherited  from  bis 
parents.  In  the  same  individual  may  unite  then  the  aggregate  of  par- 
tial heredities,  which  arc  more  or  less  limited.  There  may  be  many  of 
these  parts,  bat  that  can  not  be  established.  Only  in  the  case  of  tvins 
it  sometimes  happens  they  can  not  be  distinguished  without  mu<di  pains- 
tatcing  observatious ;  whenever  tbey  can  be  distingnished  it  is  done  b; 
means  of  marks  peculiar  to  each  one  of  them.  Hereditary  charHct«r- 
istics  under  some  circumstances  may  appear  with  snch  prominoDoe 
that  the  resulting  shape  actually  differs  from  the  type. 

Often  people  are  bom  with  six  fingers  and  six  toes.  These  ttansoiit 
this  peculiarity  and  whole  families  of  this  description  come  into  exist- 
ence. If  this  pecaliarity  were  caltivated  by  in-breeding  one  might 
get  a  whole  tribe  with  six  fingers.  Something  like  this  exists  in  the 
dynasty  of  Hadramant  in  Southern  Arabia  where  only  six-flngerod 
descendants  have  any  right  to  the  crown.  Certainly  theseare  peculiar 
formations,  bnt  it  can  not  be  said  on  that  account  that  in  primeval  tines 
all  mankind  bad  six  fingers.  The  negroes  in  the  neighborhood  of  the 
Congo  Biver  have  often  web-membranes  between  their  fingers  and  since 
fishes  have  not  only  five  but  many  more  single  rays  in  their  fins,  be- 
tween which  there  ia  found  sach  membrane,  while  the  r*y8  show,  also, 
articulation,  the  thought  suggests  itself  that  web-membranes  of  the 
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DegTo  miiBt  bare  bveo  produced  by  a  kjud  of  retrograde  morement. 
'Diere  are  to  be  foDDd  sneh  retrograde  moremeuts  whether  we  believe 
it  or  not.  If  for  instaDce  a  child  has  the  nose  of  bis  grandfather  we 
say  that  atavism  is  clearly  existing,  and  everybody  is  eatififled  with  iC 
Bat  if  the  six  fingers  are  traced  back  to  tbe  six  rays  of  the  Hds  of  a 
ray  it  is  looked  npon  as  an  impatation.  There  are  great  difflonlties 
connected  with  this  sabject  which  can  be  overcome  only  by  means  of 
heroic  effQrt.  I  refer  especially  to  the  relation  between  atavistic  pecnl- 
iarities  and  those  acquired  by  external  circnmstances.  Acquired  pe- 
coliarities  are  not  atavistic,  even  when  they  prove  to  be  hereditary. 

Dnring  recent  years  a  subject  has  been  very  popular  which  I  would 
rwommend  for  further  study,  viz,  the  tailless  cats.  On  the  island  of 
Han  there  is  found  a  race  of  cats  without  tails.  It  has  not  as  yet  been 
explained  whether  these  cats  are  indebted  for  their  taillessness  to  a 
lanlt  of  their  original  parents  and  by  reason  of  acquired  characteristics 
are  propagated  in  this  way  or  whether  there  has  intervened  a  disturb- 
ance in  their  development.  As  to  tbe  fact  of  this  taillessness  there  is 
no  doubt,  for  we  find  very  frequently  similar  occurrences  at  other  places, 
e.g.,  in  Scotland,  but  how  this  heredity  has  taken  its  rise  is  entirely 
noknown.  Perhaps  the  original  mother  was  run  over  by  a  wagon  and 
in  this  way  lost  her  tail  and  then  brought  forth  tailless  cats  1 

We  do  not  even  know  how  far  this  law  of  heredity  extends.  On  ac- 
count of  this  uncertainty  tbe  question  ijecomes  very  complicated  in  hn 
relation  tAhnman  drcnmstanees.  Olimate  and  life  may  influence  human 
devdopmeot,  although  at  present  no  convincing  reasons  can  be  given 
vhidi  show  such  a  change  in  respect  to  human  beings  living  in  our  age 
cither  in  their  totality  or  as  individuals  through  the  influence  of  local 
climate  prevuling  at  their  homes.  In  these  particulars  then  we  are 
deficient  to-day  in  our  knowledge.  You  may  possibly  say  that  it  is  a 
strange  thing  to  have  gone  backward  and  to  know  less  than  people 
knew  twenty  years  ago. 

We  know  indeed  less,  but  it  is  our  pride  that  we  have  onr  knowledge 
in  ancfa  a  shape  that  we  really  know  what  we  claim  to  understand. 
Twenty  years  ago  many  things  were  supposed  to  be  known  when  people 
vent  really  ignorant  of  them.  We  have  made  this  supposed  knowledge 
the  object  of  scientific  tests  and  natural  science  has  now  really  taken 
possession  of  its  wide  domain,  and  we  can  now  say  that  much  that  was 
formerly  asserted  to  be  trne  is  no  longer  admissible.  It  was  supposed 
by  &ith,  but  it  never  belonged  to  science.  Now  theqnestion  before  ns 
is  whether  it  is  not  possible  with  all  tbe  auxiliaries  to  observation  and 
experiment  to  discover  a  kind  of  plan  in  tbe  natural  history  of  man. 
Whether  we  shall  ever  get  to  a  xmin  t  where  we  can  show  that  the  home  of 
the  negro  was  the  submerged  land,  which  according  to  English  zoolo- 
gists was  the  original  home  of  man,  the  so-called  Lemnria,  or  that  this 
place  was  the  river  Rhine,  where  some  claim  to  have  found  the  most  an- 
c^t  remains  of  primitive  man; — all  this  we  leave  for  onr  successors  to 
decide  after  another  twenty  years  shall  have  passed.  v-ioo^jic 
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I  can  (Hily  eay  to  day  we  have  no  debta ;  we  hsTe  not  borrowed  fnm 
any  hypothesle-framer ;  we  do  not  go  uboat  oppressed  by  a  fear  tliat  the 
things  to  which  we  hold  will  be  oreitnmed.  What  we  now  detennine 
has  stability  and  will  prove  a  foandation  for  ftattber  researches.  Wt 
have  levelled  the  groaad  so  that  succeeding  geoeratiooB  may  make  u 
mnob  use  as  possible  of  these  means  famished  them  by  as.  It  is  oar 
oonfldenoe  based  upon  the  recognition  given  ns  by  oar  rnlers  and  the 
sympathy  of  the  people  that  in  the  fntare  there  will  be  do  l^ck  of  ma- 
terial for  work. 

Gentlemen,  It  is  now  onr  duty  to  go  to  work  nnitedly  and  with  more 
zeal  than  ever  before,  so  that  all  these  qnestiona  may  be  solved  whicli 
are  of  snch  importance  to  man  for  his  understanding  of  self,  and  for  bis 
social  and  political  development.  Let  ns  take  hold  then  so  that  real 
and  abiding  progress  may  be  onrs. 

I  woald  propose  as  oor  aim  to  be  attained  in  the  coming  twenty  years 
that  we  obtain  anch  an  insight  into  the  anthropology'  of  European  nationa 
as  to  be  able  to  present  some  valuable  points  concerning  the  ocHinec- 
don  of  Baropeao  tribes  and  to  succeed  in  showing  the  reasons  for  ex- 
isting differences  among  them. 

This  mnch  I  wanted  to  say  to-day.     I  beg  pardon  for  speaking  so  Jonf. 

Anthropology  is  surrounded  by  a  dense  fog  of  traditions,  a  1^^^ 
Dumber  of  them  useless.  Mnch  labor  is  necessary  to  bring  ont  its  na- 
clena,  jnst  as  it  is  the  case  with  many  of  onr  tnits,  whose  little  living 
kernel  is  surrounded  by  thick  woody  coverings,  ^ese  germs  are  to  be 
found  in  the  field  of  anthropology  and  they  mnst  be  opeued  np  in  com- 
ing days..  May  tJiey  find  as  much  appieciatloo  from  a  circle  of  sucb 
interested  hearers  as  I  see  before  me.to-d^. 


n,g,t,7l.dM,GOOglC 


SCANDINAVIAN  ABOH^OLOGY.* 


By  M.  Imowali)  Unset. 

Cmrator  of  ike  Arekaologieal  Mtueun  0/  ChrittlaiHa. 

TraiMl»t«d  by  Prof.  L.  D.  Lodgb. 


Pre-hiatoiic  stadies  made  their  appearance  io  Scandinavia  before  they 
were  broacbed  in  any  other  country.  That  is  easily  explaiaed.  The 
pre-bistoric  times  of  ScandinaTia  are  only  separated  by  a  few  centaries 
from  present  times  and  extend  to  the  introdnction  of  Cbristiauity  into 
that  conntry  about  Che  year  1000  of  our  era.  The  Boman  legions  never 
set  foot  Qpon  ScaodiDaTiaD  soil,  and  the  ancient  aathore  have  only  left 
aasomeveryeuigniaticalpaasagesapoQ  the  countries  of  the  north.  Nor 
do  the  ScaDdinarian  traditions  shed  much  light  upon  the  epodis  which 
preceded  the  iutrodootion  of  Ohristianity.  On  the  other  hand,  Scan- 
dinavia possesses  an  unusual  number  of  pre-historic  remains.  It  is  then 
easy  to  nnderstaod  that  there  should  have  been  developed  a  peculiar 
science,  founded  upon  empirical  studies  of  the  autiqaities  themselves, 
in  the  north  rather  than  in  other  countries. 

DBNHABK. 

Passing  in  silence  the  unsuccessful  attempts  of  past  centniies,  the 
first  decade  of  our  century  must  be  considered  as  the  epoch  of  the  birth 
of  a  pre-historic  science  in  the  north,  whose  beginnings  appear  in  Ven- 
mark.  The  study  of  national  history  received  iu  that  country  a  strong 
impetus  in  consequence  of  the  sentinient  of  nationality  which  awofce 
at  that  epoch  in  all  the  Qermanio  world.  It  was  then  that  men  began 
u  Denmark  to  direct  their  attention  to  the  national  remains  and  to  re- 
gwd  them  as  things  worthy  of  study. 

In  tbe  first  rank  in  this  road  must  be  mentioned  Pro!  Basmns  Nyemp, 
who  published  in  180$,  an  epitome  of  the  national  remains  of  antiquity 
{Owrtigtover  fadrtlandets  mindetmterierfra  oldtiden),  in  which  he  pro- 
poses »  plan  for  the  establishment  of  a  national  museum.  At  the  same 
time  he  began  to  make  a  collection  of  national  antiquities  at  the 
library  of  the  nniveraity  of  which  he  was  the  librarian.  This  was  the' 
germ  ot  the  pre-historic  museum  of  Copenhagen,  a  museum  now  so  vast 
and  BO  famous.     The  state  itself  a  short  time  afterwards  took  charge 

■  From  (he  Mnut  d'Antkropologit,  Uaj  15,  18S7,  3d  Mtiea,  vol.  11,  pp.  311-33d. 
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of  the  iuterests  of  this  maBeam.  On  May  22,  1807,  the  King  signed  a 
resolotion  constitatiug  a  royal  cominissioo  of  which  Professor  Kyerop 
vas  named  secretary.  This  commissiou  was  charged  with  funning  a 
mnseum  for  national  aatiqaities,  with  watching  over  the  preKerratioD 
of  the  remarkable  remaina  still  existing  in  the  eouutry,  and  ftoally 
with  making  known  to  the  pnblio  the  valne  of  ancient  objects  whi^ 
are  found  in  the  soil,  in  order  to  pnt  an  en<)  to  their  daily  destrnction. 

Under  the  active  inflnence  of  this  commissiou  the  collection  originally 
foonded  by  the  private  exertions  of  Mr.  I^yernp,  became  so  extenaivQ 
that  it  soon  gaTe  birth  to  a  new  special  science,  that  of  pre-bistoiie 
archteology. 

The  historian  Vedel-Simonsen  was  not  a  member  at  first,  bat  he  was 
one  of  the  most  zealous  collaborators;  he  undertook  for  the  commission 
several  tours  into  the  country,  in  order  to  collect  antiquities  and  to 
excite  interest  in  favor  of  the  National  Institnte  recently  founded.  In 
this  way  be  had  many  opportnnities  of  seeing  the  finds  taken  firom  the 
soil  and  the  tumuli.  Belying  upon  his  own  experience,  he  was  the  first 
to  establish  a  fundamental  principle  for  the  classification  and  distribu- 
tion of  the  chaotic  mass  of  antiquities,  the  first  to  propose  as  a  scientific 
theory  the  division  of  pre-historic  times  into  the  great  paleo-ethnologic 
periods, — that  of  atone,  that  of  bronze,  and  that  of  iron. 

In  his  work  entitled :  Udtigt  over  Sationalkiatorieng  oldste  og  mar- 
keligsle  Perioder  (Epitome  of  the  most  ancient  and  most  remarkable 
periods  of  national  history),  the  first  volume  of  wbiuti  was  published  in 
1813,  there  is  a  chapter  on  the  first  settlement,  the  most  ancient  inhab- 
itants, and  the  primitive  history  of  the  North.  He  discusses  (pages 
73-76)  the  tools  and  arms  of  the  moat  remote  times,  and  rejects  the 
opinion  then  common,  that  the  stone  objects  are  only  sacred  objects. 
Un  the  contrary,  he  pronounces  them  tools  and  anns  of  an  epoch  in 
which  metals  were  still  unknown,  and  he  fortifies  his  opinion  by  citiog 
for  oomparison  the  information  about  the  savages  of  the  present  time 
who  still  uae  stone  tools,  and  by  referring  to  his  observations  dnring  liis 
tours  undertaken  for  the  new  musenm.  At  page  76,  he  gives  a  r^uturi 
of  hie  ideas  in  the  following  very  remarkable  passage ;  "  The  arms  aud 
utensils  of  the  moat  ancient  Scandinavians  were  in  the  beginning  of  stone 
and  of  wood.  These  Scandioavians  then  learned  to  work  copper  and 
even  to  harden  it ;  so  that  there  result  copper  axes  found  in  the  soil,  and 
lastly  (as  it  seems)  iron.  So  from  this  ]M>int  of  view  the  Awtory  of  their 
oivitization  might  be  divided  into  an  age  of  atone,  an  age  of  copper,  and  an 
age  of  iron.  These  ages  were  not  however  separated  ftvm  one  another  by 
limits  80  exact  that  they  do  not  encroach  upon  one  another.  Doubtless 
among  the  poor  they  continued  to  use  stone  tools  Hft«r  the  iutrodaction 
of  copper  ones,  and  copper  tools  after  the  introduction  of  iron  ones ;  the 
same  case  has  uisen  in  our  day  with  vases  of  clay,  of  pewter,  and  of 
porcelain.  The  arms  and  ntenaila  of  wood  have  iiatnrally  deoomposetl, 
thoseof  iron  have  been  oxidized  in  the  soil,  those  of  stone  and  of  copper 
alone  have  been  preserved."  v.i(H*^;k' 
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This  propoaition,  aln-ody  clearly  ennneiated  in  1613,  and  now  recog- 
nized everywhere  as  a  fnodamental  trath  of  pre-bistorie  arcb»ology, 
was  not  bowever  ^oerally  accepted  at  once  in  Deumark;  the  mate* 
rials  accDDiulated  in  the  museam  were  not  yet  nnmerous  enougli  for 
the  tratb  to  be  obvions  to  tbe  eyes  of  all.  It  was  only  in  Sweden  tbat 
Bomo  anchors  admitted  the  theory  of  Mr.  Tedel-Simoosen;  in  Denmark 
his  ideas  were  for  a  long  time  only  a  sort  of  prophecy  of  what  every- 
body was  going  to  accept.  The  man  who  was  to  draw  from  tbe  arcbio- 
ological  finds,  and  from  the  antiqnities  themselves,  the  incontestable 
proofe  of  this  theory  and  to  secare  its  recognition  tbrongboat  the  entire 
world  was  Christian  Jargensen  Thomsen,  for  fifty  years  tbe  director 
of  thePre-bistoric  Musenmof  Copenhagen,  which  be  raised  to  the  rank 
of  the  first  institntiOD  of  that  kind  in  Enrope ;  he  has  been  called  'the 
father  of  tbe  pre-historic  arcbseology  of  tbe  fi^orth.  In  181G  be  suc- 
ceeded Mr.  Nyemp  as  secretary  of  tbe  arcU(^logical  commission  and 
38  director  of  the  mnaenm,  a  position  which  he  held  aolil  bis  death,  in 
1865.  This  remarkable  man  was  tmly  self-tangbt,— originally  a  mer- 
chant  withont  erudition,  and  for  that  naatter  little  enoagh  attached  to 
books, — but  he  had  very  extraordinary  natural  gifts,  an  observing  mind, 
and  a  very  delicate  perception  of  objects  of  art  and  of  antiqnities.  H» 
was  an  excellent  numismatist  and  a  good  connoissenr  in  art  His 
trained  eye  and  his  fine  perception  of  the  style  and  of  the  character- 
iatic  details  of  ancient  objects  permitted  him  to  arrive  at  a  more  pro* 
foand  knowledge  of  pre  historic  antiqnities.  For  him  the  aim  was  no 
longer  to  seek  to  determine  and  to  illnstrate  pre-historic  objects  by  tbe 
interpretation  of  traditiona.  Through  him,  as  welt  as  Uirongb  tbe 
young  men  who  attached  themselves  to  this  acute  connoisseur  and  to 
his  neb  mnsenm,  pre-historic  archaeology  became  a  study  of  tbe  antiq- 
aities  themselves;  they  understood  that  a  knowledge  of  tbe  very  re- 
mote times  to  which  these  autiquities  ascend  is  only  obtained  hvm 
these  contemporary  remains  by  the  empirical  path  and  by  an  Indnctive 
method. 

Mr.  Thomseu  mainly  exerted  bis  infinence  by  his  labors  inside  of  the 
mnsenm.  It  was  in  1819,  tbat  he  began  to  open  the  latter  to  the  pnblic 
for  a  few  hours  each  week;  he  was  always  there  himself  to  instruct 
visitors.  In  this  way  be  succeeded  by  degrees  in  conquering  for  tbe 
Arch«ological  museum  a  place  in  the  national  interests.  In  tbe  olassi- 
flcation  and  exposition  of  antiquities  he  was  ever  making  progress. 
Very  early  there  began  to  form  in  him  tbe  knowledge  of  the  three  great 
periods  of  the  development  of  civilization,  and  of  the  way  in  which  an 
archfeological  mnsenm  should  be  arranged  conformably  to  this  principle. 
What  Mr.  Yedel-Simousen  bad  declared  on  that  subject  ten  years  be- 
fore does  not  seem  at  once  to  have  convinced  him.  From  1825,  how- 
ever, he  expounded  to  Professor  Keyser,  of  Christiania,  bis  ideas  upon 
the  classification  of  a  pre-bistoric  collection  on  tbe  basis  of  this  chrono- 
logical principle.    We  know  tbat  he  had  already,  in  1830,  realizod  this 
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method  id  the  maeetim  of  Copenhagen,  when  Mr.  B.  E.  Hildebnnd 
Btndied  there  nnder  him.  Aa  we  bare  already  said,  Mr.  Tbomsen  baa 
lefC  only  a  very  few  printed  works.  In  his  memoirs  of  1831  and  of  1832, 
he  already  puts  forth  tbe  theory  of  the  three  periods;  bnt  it  was  only 
in  bis  book  of  1836,  Ledetraad  til  norditk  Oldkyndighed  (Manual  for  tbe 
learning  of  northern  aDtiquity,-~a  German  edition  in  1837,  afterwards 
an  English  one  also)  that  he  developed  it  more  at  length,  and  presented 
it  as  valid  not  only  for  all  tbe  North  bntfor  all  Europe.  He  expreasea 
himself  in  the  following  terms  apon  the  age  of  bronze,  of  which  he  as 
yet  knew  scarcely  any  remains  in  coantriee  not  Scandinavian,  but  which 
he  thoaght  had  prevailed  in  the  restof  Euroiw  (p.  59):  "Itseemstbat 
a  very  aucient  civilization,  anterior  to  tbe  introduction  of  iron,  had 
spread  over  a  large  part  of  Europe,  and  that  its  products  have  had  a 
veiy  great  resemblance  in  countries  very  distant  from  one  another,  la 
studying  the  arms  and  ctitting  tools  of  bronze  and  tbe  inferences  from 
the  discoveries  as  a  whole,  oue  will  doubtless  be  more  and  more  con- 
vinced that  they  have  a  very  high  antiquity,  and  that  (eepecially  in  tbe 
oonntries  of  the  Sontb)  they  are  esceedintrly  ancient.  If  it  is  admitted 
that  the  objects  of  this  sort  which  are  found  upon  Scandinavian  soil 
are  imitations  of  those  which  have  been  imported  thither,  it  is  clear 
that  they  have  been  used  once  in  the  countries  fVom  which  they  come. 
If  on  the  contrary  the  relations  ceased  there,  where  they  only  existed 
,  by  the  migrations  of  the  peoples,  one  can  acderstand  that  the  inhabit- 
ants of  the  North,  having  once  received  from  southern  coautrieethe 
knowledge  of  tbe  most  ancient  inventioua,  should — because  of  the  great 
distance  and  the  iuterruptioa  of  communications,  have  remained  ignor- 
ant of  the  progress  and  subsequent  dificoveriea  mads  by  the  most  civil- 
ized peoples.  What  exists  in  the  North  will  thus  be  able  doubtless  to 
instmct  us  about  the  similar  objects  which  must  have  existed  in  coun- 
tries where  the  development  entered  into  the  fall  light  of  histoiy  long 
before  it  did  in  the  North." 

The  Boyal  Society  of  Antiquaries  of  the  North,  founded  by  Mr.  Rafa 
in  1825,  and  directed  by  him  for  forty  years,  had  also  at  this  time  com- 
menced to  enter  iuto  more  intimate  relations  with  the  museum.  In  the 
beginning  tbe  society  expended  its  activity  in  editing  the  litetary 
remains  existing  in  the  ancient  Norwegian-Icelandic  tongne;  afterward 
it  devoted  itself  also  to  the  occupation  of  collecting  and  describiDgtbe 
antiquities  and  of  examining  the  arefafeological  remains  of  the  ooantry. 
The  archteological  commission  had  in  lS12-*27,  published  Antikparidct 
Annaler  (Archieological  Annals),  four  volumes ;  lh>m  1832,  it  united 
with  the  royal  society  for  the  pablication  of  Sorditk  Tidikriftjbr  Old- 
hgndigked  (Periodical  of  the  North  for  tbe  investigation  of  antiqoi^], 
three  volumes  of  which  appeared  by  1836.  From  that  year  the  society 
began  to  publish  the  Annaler  for  norditk  OWcjpidighisd,  twenty-three 
Tolames  of  which  appeared  by  18G3;  in  the  same  time  appeared  seven 
other  volumes;  Antikvarish  Tidskri/t  ( Antiqnarian  Periodical),  1813-^ 
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coataining  aiao  soine  memoirs  treating  of  etbDograpbio  snlyects.  To 
lender  the  most  important  works  accessible  also  to  foreigners  a  series 
was  printed  in  French:  Mimoireade  la  Sooidti Roj/ale  dea  Antiquaires du 
Nord  (Memoirs  of  the  Boyal  Society  of  Autiqaaries  of  the  North), 
1840-'60,  in  all  three  volnmes. 

Under  the  direction  of  Hr.  Tbomsen  a  namber  of  young  men  began 
then  to  devote  themselves  to  the  study  of  pre-historic  antiquities,  vork- 
ing  at  the  maseum  and  andertaking  excavations  in  the  country,  for 
example  Sorternp  Strnnk  Herbst,  bat  beforeall  Worsaae  (182L-'85).  By 
an  excellent  littie  book,  Danmarka  oldtid  opl^gt  ved  Oldaager  og  Orav 
k^  (the  Antiquity  of  Denmark,  eineidated  by  the  tnmali  and  flnds), 
which  appeared  in  1812,  he  places  himself  immediately  at  the  bead  of 
the  aichffiological  anthorities  of  Denmark.  It  is  a  statement  cfHupris- 
iog  some  conclosions  possible  t^  be  drawn  from  the  materials  amassed 
aod  from  the  facts  established  up  to  that  time.  This  book  showed  the 
public  at  once  how  this  new  science  of  pre-historic  sotiqaities  coald 
extend  and  had  already  extended  the  horizon  of  oar  knowledge.  For 
more  than  forty  years  Mr.  Worsaae  continued  to  be  the  chief  of  the 
Danish  archaeologists ;  he  has  enriched  the  science  with  numerous 
archsBological  and  archteologico-historical  works,  and  he  has  opened  to 
the  studies  new  paths. 

Pre-historic  studies  in  Denmark  made  a  very  considerable  stride  for* 
ward  by  the  discovery  of  the  kjiikenta^dirigi  {heaps  of  kitchen  refuse). 
It  is  the  illustrioas  zoologist  Japetns  Steenstrup,  (of  whose  last  memoir 
the  Revlae  ^Antkropologie  gave  an  aocouut  in  its  last  nnmber,)  who  has 
the  honor  of  having  discovered,  examiued  exactly,  and  interpreted  ingen- 
iously these  remarkable  relics  of  the  earliest  antiquity  of  Denmark.  It 
was  in  1837,  that  he  observed,  in  some  heaps  of  oyster  and  other  shells 
which  were  found  in  the  elevated  places  of  the  Danish  coasts,  some 
evident  products  of  human  industry,  incontestable  proofs  that  the  for- 
mation of  these  heaps  must  have  taken  place  after  the  habi  tation  of  the 
coantry.  As  some  bones  of  animals  were  also  found  In  these  heaps,  he 
came  to  include  these  formations  in  the  circle  of  his  special  studies  upon 
the  ancient  flora  and  fauna  of  the  coontry.  It  was  by  examining  the 
turf-pits  of  Denmark  that  he  discovered  that  the  flora  of  the  country  for- 
merly had  been  altogether  different  from  that  of  our  day,  and  that  he 
there  eatablished  the  existence  of  several  successive  periods  of  vegeta- 
tion. Some  bones  of  animals  found  in  the  different  layers  of  these  turf- 
pits  had  also  furnished  him  with  the  materials  for  the  history  of  the 
fauna  of  the  country.  Upon  the  initiative  of  Mr.  Steenstrup,  the  Boyal 
Academy  of  Copenhagen  in  1848,  appointed  a  committee  crmposed  of 
Hr.  FoTchhammer  as  geologist,  Mr.  Worsaae  as  arcbfoologist,  and  Mr. 
Steenstrup  himself  as  zoologist,  to  examine  these  shell  heaps.  This 
laat  gentleman  in  reality  took  charge  of  the  labors  of  the  committee. 
In  the  reports  of  the  Academy  of  Copenhagen  he  gave  (1848-'55)  a 
series  of  ftoous  memoirs  upon  hlsadmirablestudies.    The  true  natnre 
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of  tbese  heaps  was  soon  discovered  by  the  committee;  tfaeir  formatioo 
was  evidently  dae  to  man  ;  the  shells  and  the  bones  of  animals  were 
remains  of  things  eaten ;  tbese  large  heaps  were  remains  of  meals,  and 
that  is  why  Mr.  Steenstrap  called  them  Jg^kkenm^dinga,  a  word  after- 
ward nataralized  in  all  langnageq  as  a  scieuti&c  term  designating  the 
similar  remains  fonnd  in  the  most  distant  conntriea  in  the  worid.  By 
acnte  stndies  npon  the  formation  and  apon  the  cooteots  of  theee  heaps, 
Mr.  Steenstrap  discovered  that  they  origioaCed  among  a  population  of 
hunters  and  of  Ushers  who  were  as  yet  anacqnaioted  with  metals, » 
popnlatioD  which  had  lived  in  a  remote  age ;  and  that  the  olimate  of 
Denmark,  and  in  couseqaeQce  the  flora  and  the  faana,  were  then  alto- 
gether different  from  what  they  are  now.  Thai  climate  was  colder ;  the 
forests  consisted  of  flrs;  man;  animals  which  have  now  disappeared 
&om  the  faana  of  Denmark  were  namerous  there;  for  example,  the 
great  European  carnivores,  the  Bm  primigeniiu,  the  Tetrao  urogaUnt, 
ete. ;  of  special  interest  is  the  presence  of  a  northern  bird,  now  extinct, 
Alea  impennia.  Thestadiee  of  Mr.  Steenstrnp  not  only  enriched,  by 
their  resalts,  Danisb  paleo-ethnology ;  indirectly  they  were  also  veiT 
important  by  the  iadaence  which  they  exerted  npoo  the  severity  <u>d 
the  exactness  of  the  method  of  the  natural  sciences  which  was  subse- 
quently adopted  by  the  |>re-historic  arcbieologists  in  Denmark. 

In  this  time  Mr.  Worsaae  had  already  extended  the  circle  of  his  pre- 
historic studies  beyond  the  limits  of  his  native  land,  undertaking  jour- 
neys into  Germany,  France,  England,  and  Ireland ;  he  had  already  pab- 
tisbed  some  works  containing  the  resalts  of  studies  made  during  these 
Journeys,  aud  had  just  created  thus  the  comparative  method  in  pre- 
historic science.  Several  of  his  works  bad  been  published  in  foreign 
languages  and  had  likewise  exerted  an  inflnenoe  npon  the  beginning  of 
paleo-ethnologic  studies  in  other  countries. 

From  lS50to  1870,  the  museum  of  Copenhagen  was  greatly  enriched; 
it  increased  especially  from  the  materials  coming  from  the  systematic 
excavations  of  the  antiquaries.  One  event  of  great  importance  for  tbe 
prosperity  of  the  museum  and  of  paleo-ethnology  occurred :  the  reign- 
ing king,  His  M^esty  Frederick  Y II,  became  warmly  interested  in  pale- 
ology ;  he  even  made  his  appearance  as  an  author  on  the  subject.  New 
collaborators  were  added  to  tbe  museum  to  those  who  were  already 
working  there  under  the  direction  of  Mr.  Thomsen,  among  others  Mr. 
Boye  and  Mr.  Engelhardt  who,  until  1863,  was  the  director  of  the  niu- 
senm  of  Sleswick  at  Flensbnrg. 

But  relying  thus  npon  materials  whose  number  was  increasing  and 
upon  ever-extending  explorations,  progress  ought  to  have  been  made. 
First  an  effort  was  made  to  sub-divide  the  three  great  ages  established 
by  Yedel-Simonsen,  an<1  Thomsen,  and  to  discover  their  chronological 
limits-  It  is  always  Mr.  Worsaae  who  marches  at  tbe  head.  In  1864, 
be  published  an  atlas  of  illustrations :  AfbiMninger/raiet  Kgl.  Matetm 
for  nordUke  Oidsager  (Illustrations  of  the  royal  museam  of  northern 
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aatiqaittes),  an  important  work,  of  which  the  second  edition  especially, 
Qnd«r  ttae  title:  Jt^orduJb^  OI(!«a^«r  (Northern  Antiqaities)  1859,  circu- 
lated in  all  Earope,  and  which,  still  freqaently  quot«d,  has  served  as  a 
model  for  several  similar  paleo-ethaological  atlases  io  dififereDtcouutries. 
In  this  work  appeared  for  the  first  time  the  sab-division  of  theage  of  iron 
into  two  periods.  About  1840,  moreover,  few  remains  of  the  age  of  iron 
were  known  in  Denmark,  while  those  of  the  age  of  bronze  were  namer- 
ous }  iDvestigators  inclined  to  the  opinion  that  the  age  of  bronze  ex- 
tended there  down  toward  the  year  700of  our  era.  In  1853,  Mr.  Woraaae, 
with  the  co-operation  of  Mr.  Ilerbst,  discovered  a  first  age  of  iron,  char- 
acterized especially  by  unmerous  imported  Boman  pieces,  and  whose 
dnratiou  he  determined  as  from  the  year  1  to  about  500  of  our  era.  la 
a  memoir  of  1859,  Mr.  Worsaae  also  proposed  sabdivisions  of  the  age  of 
stone  and  of  the  age  of  bronze.  As  to  the  age  of  stone,  he  wished  to 
establish  a  first  period,  comprising  essentially  Ibe  lcj^kieenm4dding$  with 
their  gronnd  flint,  and  corresponding  to  an  epoch  of  transition  from  the 
paleolithic  age  to  the  neolithic  age  in  the  west  of  Europe ;  then  a  second 
period,  cbaracterized  by  the  dolmensand  the  gronnd  and  poliflhed  dint; 
hnttbis  snb-division  was  very  energetically  coDtestetl  by  Mr.  Steeustrap. 
In  the  reports  of  the  Academy  of  Uopenbagen,  185d-'62,  this  qaestion 
was  earnestly  discussed  by  Mr.  Worsaae  and  Mr.  Steenstrup ;  the  lat- 
terwisbed  to  maintain  the  contemporaneity  of  the  1^^1cJtenm^ding»  and 
the  dolmens. 

Among  the  most  considerable  publications  of  Danish  paleo-etbnology 
abont  1870,  should  be  noticed  moreover  Mr.  Engelbardt's  descriptions 
of  some  great  discoveries  of  the  first  iron  age,  or  more  exactly  of  th(f 
k>wer  Boman  epoch,  which  had  been  made  in  some  marshy  meadows  in 
Bleswiok  and  in  Fionia. 

The  Swiss  Morlot  contributed  much  to  make  Danish  paleo  ethnology 
ud  its  results  known  abroad.  In  1858,  he  studied  a  long  time  at  the 
mnseam  of  Copenhagen  and  on  his  return  to  bis  native  land,  published 
several  memoirs  upon  the  pre-bistoric  labors  of  the  savants  of  the  North. 


In  Sweden  also  attention  had  been  directed,  in  past  centuries  to  pre- 
historic leAiains  and  objects.  Beginning  with  the  year  1666,  the  Gov- 
ernment had  established  a  college  of  antiquities  which  was  charged 
with  forming  a  collection  of  the  ancient  treasures  which  might  be  found 
in  the  soiL  Although  that  is  to  be  considered  as  the  germ  of  the 
arcbfeological  museum  of  StocKholm,  only  a  few  objects  nevertheless 
were  collected  there.  When  in  1786,  Ring  Oustavus  III  fonnded  the 
Boyal  Academy  of  belles-lettres,  of  history,  and  of  antiquities,  that  in- 
stitution was  charged  with  the  care  of  the  remains  of  the  country  and 
vith  the  custody  of  the  collection  which  bad  already  existed  for  a  cent- 
ury. The  Swedish  faistorinns  often  mentioned  at  this  period  ancient 
objects,  but  it  was  only  iu  our  centnry  that  the  special  study  of  national 
aatiqmtiea  began  in  Sweden, 
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At  the  be^DDiog  of  this  ceDtocy,  Sjoborg,  professor  of  history,  at 
LoBd,  deserved  credit  for  his  activity  in  inTeetigEtting  the  remains  of  tbe 
cooDtry,  in  order  to  malie  ap  its  archieologtcal  topography  and  statistics; 
io  1805,  he  obtained  from  the  governmeDt  a  decree  ordering  the  preser- 
vation  of  pre-hiatoric  remains.  The  fruits  of  his  labors  are  pablisbed  in 
several  memoirs,  bnt  especially  in  a  work  entitled  Samlingar  far  Sor- 
denafonuelskare  (collections  for  those  interested  in  northern  antiqait;), 
i-ra,  1822-'23.  The  OetUka  JvrHntUt  (Gothic  Onion),  a  literary  s* 
ciety,  foooded  in  1811,  by  some  learned  and  patriotic  yoang  men,  has 
also  done  much  to  spread  Che  knowledge  of  the  national  antiquities ;  its 
literary  organ,  Iduna,  mnst  be  considered  as  tbe  first  periodical  pnbh- 
cation  of  Swedish  aiobseology.  At  this  time  many  private  collectiong 
of  antiqnitiea  were  founded,  the  moat  of  which  have  since  been  aoqnired 
by  tbe  masenm  of  Stockholm. 

Tbe  theory  of  tbe  three  ages  of  civilization  enunciated  in  1813,  by  the 
Dane  Tedel-Simonsen,  was  accepted  by  Magnos  Brnzelins,  at  Loud 
(%«inmen  antiquitatum  boreoltum,  18L6).  The  illustrious  Gletjer  ap- 
proved it  in  his  work,  Svmukafolketa  hutoria  (Tbe  History  of  the  Swed- 
ish People),  1832. 

In  1830,  Dr.  B.  E.  Hildebrand,  of  Lnnd,  went  to  Copenhagen  tostody 
thereunder  Mr.  Thomsen,  numismatics  and  northern  antiqoittes;  on 
his  return  be  was  appointed  chief  of  tbe  archsological  collection  at 
Lund,  which  be  classified  according  to  the  system  of  the  three  periods 
communicated  to  bim  by  Mr.  Thomsen.  In  1833,  Hildebrand  was  called 
to  Stockholm  to  arrange  tbe  numismatic  collection  and  tbe  old  mnseam 
*tif  aotiqaitiea,  hitherto  however  without  any  importance.  Hildebrand 
thus  became  the  true  founder  of  this  museum;  in  the  beginning  be 
classified  it  according  to  the  ideas  of  Mr.  Tliomseu.  In  1S37,  appoiated 
antiquary  of  tbe  kingdom,  be  had  during  a  long  euergetio  administra- 
tion the  opportunity  of  being  very  active  for  the  enlargemeot  of  tbe 
museum,  80  that  in  1879,  he  waa  able  to  commit  it  into  the  hands  of  his 
sou  and  snccessor,  as  an  institution  of  the  first  rank. 

Another  illustrious  man  is  also  to  be  named  at  the  beginning  of  pft- 
leo-ethnological  stndica  in  Sweden  in  our  century.  As  the  introduction 
to  a  new  edition  of  his  woik  8kandinavien»  Fauna,  the  oelebratal 
xoologist  Sven  Nilssoo,  at  Lund,  in  1834,  pablisbed  a  remarkable 
memoir:  Udkast  til  Jagtena  og  Fiskerieta  Htstorie  i  8kandimavie»  (out 
line  of  a  history  of  hunting  and  fishing  in  Scandinavia).  He  there 
sketches  tbe  life  of  the  firat  inhabitants;  they  were  ae  yet  onac- 
qnainted  with  metals,  and  lived  as  hUbters  and  fishers:  they  bad  only 
tools  of  stone  and  of  wood.  He  givesdetailed  descriptions  of  the  different 
kinds  of  r<ools  found,  investigates  their  use,  and  compares  them  with 
those  of  peoples  still  savage,  particularly  witji  those  of  the  Oreenlaoders 
and  Australians.  Then  after  having  visited  the  museoms  of  Copen- 
hagen and  several  ethnographic  collections  abroad,  he  published  in 
1838-'43  his  fomona  work  Skandinavitka  Nordma  UrinvaMre.     (The 
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Krat  Inliabitaiita  of  the  ScandiDaviau  yortb).  In  this  work,  which  is 
of  the  greatest  importauce,  apon  the  age  of  Btooe,  one  sees  introduced 
fiarthe  first  time  the  methods  of  comparative  ethoograpby;  it  is  a  book 
which  aosQies  forever  to  its  author  an  eleratod  place  among  the 
fioandera  of  pre-hfstoric  acienoe.  In  this  first  edition,  the  age  of  bronze 
is  only  treated  iu  the  last  chapter;  the  opinion  is  there  maintained  that 
the  introdnction  of  that  civilization  is  dee  to  the  immigration  of  a  Cel< 
tic  tribe.  It  was  not  nntil  later  that  he  put  forth  his  well-known  theory 
that  the  age  of  bronze  in  Europe  is  ilae  to  tbe  Fbceniciaos,  those  com- 
mercial mariners  of  antiquity ;  this  theory  has  been  developed  In  de- 
tailin  the  second  part,  pnblisbed  in  l&Q2-^6i,  of  a  new  edition  of  his 
work.  Id  the  same  way  a  new  edition  of  the  first  part,  upon  the  age  of 
■tone,  was  published  in  lSfi6.  This  work,  translated  into  German, 
Fnnch,  and  Bnglisb,  excited  the  greatest  attention  in  all  Europe,  and 
still  enjoys,  and  with  reason,  tbe  greatest  reputation,  although  his 
Pfaoeoician  theory  perhaps  no  longer  coonte  any  adherents. 

Pnticfpany  under  tbe  inSaence  of  B.  B.  Hjldebraud,  the  Swedish 
Academy  of  bellea-lettres,  history,  and  antiquities,  from  the  year  1856, 
directed  its  activity  more  and  more  toward  arcbnological  topography 
and  the  statistics  of  the  remains  of  the  country,  the  extension  of  the 
mosenm,  and  of  tbe  systematic  excavations,  and  tbe  publication  of  tbe  re- 
sults; atbroogofable  men  took  part  in  these  labors.  During  tbe  conrse 
of  1800,  loeal  societies  of  antiquaries  were  fonnded  everywhere  in  the 
provitMSBs;  these  societies  did  mnch  to  spread  arcbeeological  knowledge, 
excite  interest  in  its  favor,  and  iwllect  and  preserve  materials;  a  series 
of  proTinual  mnsenms  were  organized,  depending  in  a  certain  degree 
upon  the  tTational  Miisenm  of  Stockholm;  Tbe  Swedish  Archaeological 
Boiderty,  foonded  in  1869,  has  become  tbe  common  center  of  these  local 
■odeties. 

llw  most  of  these  private  societies  have  published  private  periodical 
oolleeeioDe ;  the  principal  organ  of  Swedish  archeology  appears  under 
the  auspices  of  the  Academy  of  Antiquities,  Antikvarislc  TidssJa-ift  fSr 
Sterigt  (Antaqnarian  Journal  for  Sweden).  Among  tbe  most  impor- 
tant memoirs  of  this  journal  must  be  cited  tbe  work  of  B.  E.  Hjlde- 
braud, published  in  1869,  upon  the  carvings  on  rook,  where  he  first 
gives  the  incontestable  proofs  that  these  remarkable  remains  date  from 
the  age  of  bronze.  From  1860  to  1S70,  commenced  also  the  labors  of 
twe  men  still  the  most  celebrated  to-day  among  tbe  Swedish  pre-bisto- 
rians:  Hans  Hildebrand  (the  son  of  B,  E.  Hildebrand],  who  published 
is  1866,  an  important  book  entitled  Svenska  folket  under  hednatiiUn 
(Die  Swedish  People  during  the  Time  of  Paganism),  in  whicb  he  treats 
especially  of  the  relations  between  tbe  two  periods  of  tbe  age  of  iron  in 
Scandinavia;  and  Oscar  Montelius,  whose  work,  Fra  jematdem  (On 
the  Age  of  Iron),  which  appeared  in  1869,  has  laid  tbe  solid  foundations 
of  a  chronological  olasaiflcation  of  the  finds  dating  from  the  age  of 
iron,  by  ^ving  detailed  descriptions  of  all  those  of  tbe  northern  iron 
age,  accompanied  by  imported  foreign  coins. 


580  SCANDINAVUN  ASCH^OLOQT. 


In  Norway  it  was  the  Eojal  Society  for  tbe  good  of  Norway  whidi 
foonded  at  Ohri^tiaoia  tbe  first  collectioa  of  Dadonal  aotiQaities;  in 
1811,  it  appointed  a  commiBsiou  to  form  tfais  collection.  After  the  re- 
establisbmeiit  of  tbe  independence  of  Korway,  by  tbe  separation  from 
Denmark  in  ISIi,  tbe  society  ceded  tbe  collection  to  tbe  nnivetsity 
recently  foanded,  where  it  became  the  basis  of  the  prehistoric  mnseniB, 
now  the  most  considerable  in  tbe  conntry.  Tt  was  not  natil  1S2S,  bov- 
ever;  that  adirector  of  the  mnsenm  was  appointed, — Keyser,  a  professor 
of  history.  Already,  in  1825,  Keyser,  during  a  visit  at  the  bonse  of 
Mr.  Thomsen  in  Oopeobagen,  had  learned  of  tbe  classification  into 
three  periods  adopted  by  him  in  his  maseam;  at  Christiania  the  same 
principle  was  adopted  ftom  the  beginning.  This  museam  grew  con- 
stantly and  rapidly  in  a  sabseqnent  period.  To  Mr.  Keyser,  in  18^ 
sncoeeded  Mr.  O.  Bygb,  who  is  still  the  director. 

In  1826,  another  archteological  musenm  was  foonded  in  Norway.  At 
that  time  a  nnmberof  privatu  citizens,  patriotic  and  interested  in  the 
sciences,  established  at  Bergen  a  maseam  for  the  west  of  Norway, 
whose  collections,  especially  the  arobsological,  increased  rapidly. 
There  also,  in  1833,  was  begun  the  first  Norwegian  arcbteologioal  joor- 
ual,  Urda,  of  which  down  to  1846,  two  volnmes  and  a  part  of  a  thiid 
were  published.  It  was  above  all  Christie,  and  the  bishop  Neomann, 
who  displayed  the  most  activity  in  tbe  founding  and  the  development 
of  this  museam  or  Bergen. 

In  1844,  at  Christiania,  was  created  the  Forening  til  nor»k«  /ortid»min 
desmarJcert  bmaring  (The  Society  for  the  Preservation  of  the  Ancient 
Bemains  of  Norway],  which  formed  a  new  centre  for  archEeological 
labors.  The  society  has  affiliated  members  at  Trondhjem  and  at  Ber- 
gen, and  counts  members  tbrougbout  the  country;  it  is  subsidized  bj- 
the  state,  and  its  president  is  always  the  antiquary  of  the  kingdom,  ap- 
pointed by  the  government, — at  present  Mr.  Nicolaysen.  The  society 
has  done  mnch  for  the  preservation  and  description  of  the  remains;  it 
has  undertaken  explorations  and  excavations,  and  has  published  a  series 
of  works.  Since  1815,  it  has  published  Aaruberetninger  (Annual  Be- 
ports),  with  plates;  among  its  other  publications  mnst  be  named  tbe 
work  of  Mr.  Nicolaysen,  Sorake  fomlevninger  (Norwegian  Arclueolog- 
leal  Materials),  1866,  containing  information  upon  all  tbe  arcbseological 
remains  and  materials  known  up  to  that  time  in  Norway. 

AboatI870,at  Trondhjem,  a  provincial  museum  was  also  organized  by 
Mr.  K.  Bygb,  which  has  now  acquired  some  importance.  In  thesontb 
of  tbe  country  Mr.  Lorange  has  formed  at  Fredencksbald  a  private  col- 
lection of  special  interest,  because  almost  all  the  materials  which  ue 
there  preserved  come  from  bis  own  excavatioDS. 

The  most  important  archfeological  publications  which  t^tpeared  in 
Norway  from  1860  to  1870,  are  some  memoirs  of  Mr.  O.  Bygb,  especially 
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one  pablished  in  1S68 :  Ihn  eeldre  Jemalder  i  Norge  (The  First  Age  ot 
IroD  JQ  Norwa;).  The  first  period  of  iroa  stands  iadicated  for  the  first 
time  and  distioctly  characterized  in  the  Norwegian  fiQds.  It  is  a  model 
work  as  to  soberness  and  soandness  of  method. 

We  have  followed  the  development  of  pre-hidtoriv  stadies  in  the  north 
down  to  1870 ;  here  it  is  proper  for  ns  to  stop  and  to  coDclade  this  first 
period. 

It  is  already  a  long  time  since  the  new  science  pushed  itself  likewise 
into  the  other  conutriea  of  Earope.  The  surprising  discoveries  of  Mr. 
Boacher  de  Perthes,  which  formed  au  epoch,  have  long  since  been  gen- 
erally accepted ;  energetic  labors  have  commenced,  especially  in  geolog<- 
ioal  paleo-etbnologj ;  great  attention  is  directed  at  once  upon  prebis- 
torio  times  and  apon  proto-historic  times.  In  Germany,  particalarly  in 
tiie  north  of  that  country,  local  investigators  early  began  work  in  the 
aame  way  as  the  antiqnaries  of  the  north.  Let  us  mention  among  tbem 
and  in  the  first  raQkMr.Li8ch,atSchwerin.  In  1852,  a  central  museum 
was  established  at  Mayence  under  the  direction  of  Mr.  LiDdenschmtt. 
A  few  years  afterwards,  in  Switzerland,  Mr.  Keller  discovered  tbepalaf- 
fltee ;  flually  about  1860,  Mr.  Gastaldi  founded  tbe  study  of  paleo-eth- 
Dology  In  Italy. 

In  1866,  the  international  congress  of  anthropology  and  pre-bistoric 
arcbseology  held  its  first  session.  It  is  fitting  to  end  this  first  section 
by  mentioning  tbe  fourth  session  of  this  congress,  which  took  place  at 
CopenbagcQ  iu  1369.  Scholars  from  all  tbe  countries  of  Europe  assem. 
bled  there  to  learn  tbe  results  attained  by  Danish  paleo-ethnology  dur- 
iug  more  than  flity  years.  The  rich  museums,  tbe  archaeological  and 
the  ethnographic,  both  lasting  monuments  of  tbe  aged  Thomson,  de- 
ceased a  few  years  before,  excited  the  admiration  of  all.  The  labors 
of  the  congress  presented  much  interest.  Foreigners  were  especially 
interested  in  adiscnssion  between  Messrs.  Worsaae  and  Steenstrup  upon 
the  sub-division  of  the  stone  age  and  upon  the  chronological  characters 
of  the  Igjikktnvn^ddingB. 

U. 

About  tbe  year  1870,  a  new  phase  opens  in  tbe  history  of  Scandina- 
vian archseology.  Under  the  segis  of  tbe  preceding  scholars  there  is 
formed  a  phalanx  of  yonng  men  who  bring  with  them  new  ideas,  ten- 
dencies, and  methods. 

SWEDEN. 

The  first  to  be  pointed  out  in  this  country,  at  tbis  period,  is  Mr.  Hans 
Hildebrand,  tbe  son  (already  meutioued)  of  B.  E.  Hildebrand.  While 
still  yonng  be  had  the  opportunity  of  making,  during  several  years, 
long  tears  to  tbe  most  important  archceological  museums  of  Europe,  and 
thns  acquiring  a  profound  knowledge  of  all  arcbieological  materials. 
The  results  of  these  studies  have  been  recorded  especially  in  a  memoir 
the  principal  parts  of  which  appeared  in  1872-'73,  in  tbe  AnHkcariak 
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Tiditkrifl  for  Bverige :  Studier  i  fomnforanAe  fornfarthnng.  B'tdrag  (ii 
ap&mieU  hutoria.  (Stadies  ia  comparative  archsBology:  mataiula  to 
be  Qsed  for  tUe  history  of  the  flbola.)  lu  thisexcelleot  work  thvaotiwr 
classifies  for  the  first  time  the  priacipal  groups  of  finds  of  the  btMueud 
the  iroD  age  in  ceutral  Europe ;  be  describes  them  io  tbeir  pecnliui- 
'  ties  and  their  geographical  exteiision  aud  insists  particalarly  opou  Uie 
two  great  groops  of  the  pre- Roman  iron  age,  which  he  designates  ander 
the  names  of  the  Hallstsdt  groap  and  the  Z^ue  group,  aftar  the  most 
celebrated  localities  of  these  finds.  Though  tbis  work  has  never  beea 
translated  in  its  entirety  into  a  foreign  langoage,  it  has  neverthelesi 
been  of  great  importance  in  the  development  of  the  science,  and  hu 
formed  an  epoch  in  comparative  prehistoric  archfeology.  We  have 
seen  how  Mr.  Worsaae,  many  years  before,  had  already  undertaken  to 
compare  the  archfeological  data  of  the  north  with  those  of  other  ooaa* 
tries;  bnt  it  is  Ur.  Hildebrand  who  possesses  the  merit  of  having  aonght, 
almost  the  first,  to  give  a  si/stematic  epitome,  a  complete  classification  of 
all  the  material  pertaining  to  a  certaiu  archaeological  age,  in  this  case 
the  one  nearest  the  beginning  of  historic  times  in  soathern  and  ceutral 
Enrope.  Geologically  speaking,  it  is  the  principal  stages  and  the  most 
remarkable  formations  of  the  tertiary  period  of  pre-historio  time,  wbioh 
are  separated  and  characterized  in  this  work  for  the  first  timo.  The 
principal  conclusions  of  this  memoir,  whether  they  be  essenti^ly  modi- 
fled  by  the  increase  of  materials  or  not,  will  always  be  of  great  iupor 
tance  as  the  point  of  departure  of  a  new  phase  in  the  progress  of  this 
pre-historic  science.  Another  memoir  of  Ur.  Hildebrand  has  tlie  same 
tendency :  8ur  la  division  dn  Nord  de  FEarope  en  province*  areUolo- 
giques  poar  VAge  de  la  pterre  polie.  (On  the  division  of  the  nortJi  of 
Enrope  into  archteological  districts  for  the  age  of  polished  stone.)  Ke. 
port  of  the  Gongress  of  Brussels,  1872.  In  187^80,  he  published  a  great 
work:  J>e  /Srkigtoriska  folken  i  Europe  (the  pre-historic  peoples  in 
Enrope),  in  which — exhibiting  vast  erudition — be  treats  of  all  the  paleo- 
ethnological  materials  then  existing  in  Europe.  Among  his  other 
works  must  be  mentioned  here  a  memoir  upon  let  Caasitiridet  et  rStain 
dans  VantiquiU  (the  cassiterides  and  tin  in  antiquity).  In  the  Antik- 
variai  Tideekrift,  1878,  two  works  npou  the  "Finds  discovered  by  Mr. 
Schliemann  in  Troaa "  (Stockholm,  1878)  "  and  at  Mycenn "  (ibidem, 
1882);  then  two  memoirs  treating  of  comparative  ethnology.  FoOteni 
troom  aina  dSda  (the  ideas  of  peoples  about  their  dead;  btockholn, 
1874),  and  De  lagre  naturfoUcena  konat  (art  among  primitive  peoples). 
The  latter,  which  is  concerned  especially  with  the  scnlpture  and  carv- 
ing on  bone  of  the  aurochs,  the  Eekimos  aud  the  men  of  the  qnatemary 
period,  forms  a  part  of  tbu  work  of  Mr.  Nordenslgdld :  Eigvltatt  de  met 
voyages  dans  te  kaut  Nord  (results  of  my  travels  in  the  far  north).  In 
1879,  Mr.  H.  Hildebrand  was  appointed  antiquary  of  the  kingdom  of 
Sweden.  He  has  shown  himself  an  energetic  administrator.  This  isaot 
the  place  to  dwell  upon  the  dispositions  of  the  Government  with  regard 
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to  the  maBeiiffia  and  remaias,  nor  to  speak  of  the  works  which  be  has 
pablished  apon  the  civilization  and  the  arts  of  Sweden  is  the  middle 
ages,  Btodies  with  which  he  seems  to  have  been  most  occnpied  in  the 
lastjears. 

A.  worthy  coUeagae  of  Mr.  Hans  Hildebrand  is  Mr.  Oscar  Montelins, 
whom  we  have  also  meotioned  already  ;  he  is  to-day  first  curator  of  the 
mnsenm  of  Stockholm.  By  nnmerous  works  be  has  contribated  to  the 
knowledge  of  the  antiqaitiesof  the  North  and  of  other  cooDtries  of  Ea- 
rope.  In  1872,  'T3,  he  pabliehed  (in  the  Antikvariak  Tidsakrift)  an  ex- 
tended memoir  on  the  relies  of  the  age  of  bronze,  discovered  in  the 
northeni  and  central  parts  of  Sweden,  with  comparative  dissertations 
upon  the  bronzes  of  the  Nortli  and  those  of  central  Earope.  Since 
then,  he  has  continned  his  studies  apon  the  bronze  age  in  the  North, 
and  has  pnblished  a  series  of  them,  seeking  to  throw  some  light  npon 
that  remarkable  epoch  by  profoand  researches  apon  the  bronze  age  in 
central  and  soothern  Europe.  Recently  (in  1885),  be  has  pubUshed  his 
definite  conclusions  npon  this  pre-bistoric  age  in  a  great  work  which  oar 
next  article  will  discuss  in  detail.  Among  bis  namerous  other  works 
we  most  mention  hie  atlas :  Svetuia  forruaker,  lS72-'77,  a  French  edi- 
tion of  which  appeared  in  J873-^75— Antiquity  Su^doiaet,  arrangiet  et 
diiritet  par  0.  Monteliut  (Swedish  antiqaities,  arranged  and  described 
by  O.  Montelios),  with  668  figures ;  of  the  text  correspouding  to  this 
atlas  there  has  appeared  only  the  first  part,  Sienalderen  (the  age  of 
atone]  1874.  An  abridged  collection  of  the  results  of  Swedish  archae- 
ology has  been  given  by  him  in  bis  book  on  Prehiatorie  Sicedat,  Stock- 
holm, 1874.  (A  French  translation  from  the  Stredish  original,  of  1873. 
A  German  edition,  much  enlarged,  appeared  in  1885,  at  Berlin,  under 
this  title :  Die  KuUur  Sohwedeiu  in  vorekriitUeker  Zeit.)  In  the  Antik' 
raritk  Tidaakrj^  T,  he  publiBhed,in  1880-'82,  a  great  comparative  study: 
Spannen  /ran  bronmlderen,  etc.  (Fibniffi  of  the  age  of  bronze  and  of  the 
first  age  of  iron);  a  study  which  is  the  result  of  extended  travels,  and 
which  treats  in  a  very  detailed  manner  especially  of  the  Italian  flbulee 
del  prima  etd  del  ferro  (of  the  first  age  of  iron).  A  succinct  r^nm4  of 
this  memoir  fs  iuserted  in  the  Mat^riavx pour  Phistoire  de  Piuimme  (tia- 
terials  for  the  history  of  man,  1880,  pp.  683-589;.  In  the  works  of 
Messrs.  Hildebrand  and  Moutelios  a  peculiar  method  of  research,  typo- 
toffg,  with  which  we  shall  occupy  onrselves  in  our  next  article,  plays  a 
prominent  part.* 

Other  arcbffiologists  attached  to  the  museum  of  Stockholm  are  to  be 
iDentioned, — Messrs-  Stoipe  and  Eckhoff.  Both  have  made  valuable  in- 
vestigations and  have  pnblished  reports  of  them,  Mr.  Stoipe  especially, 
upon  the  famous  findings  of  Bjorko,  of  the  second  age  of  iron.  Mr. 
Eckhoff,  since  1880,  has  published  the  description  of  the  antiquities  of 
the  Bohnslan,  a  model  of  the  arcbieological  topography  of  a  coantry. 

*  We  Ckunol  refrain  from  calling  atteotion  to  a  review  of  Mr.  Hilitebranil's  Scandi- 
nivian  ardueologj,  which  appeared  in  (he  Berme  ifanlliropologie  iq  187.1,  p^|iS3. 
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Among  the  men  who,  withoat  being  attached  to  the  maseam,  hive 
contribnted  to  the  pre-bietoric  arcbseology  or  Sweden  most  be  mentioned 
Mr.  Wiberg,  director  of  the  lyceum  of  Oefle.  From  1861  to  1873,  Iw 
pabligbed  aeveral  Btodies  npon  the  relations  of  the  ancient  peoples  of 
the  Mediterranean  to  the  aocient  iobabttants  of  Scandinavia;  then 
npon  the  iDfloence  of  the  Greeks  aad  EtrnHcans  on  the  age  of  broDze 
iu  the  north  of  Europe  (1869).  Moreover,  numeroos  local  societieg 
bare  also  displayed  great  activity  and  hare  given  proofs  of  it  in  ihm 
periodicals.  Important  contrlbotiona  to  arcbfcoiogical  literature  have 
also  been  famished  bj  private  individnals ;  for  example,  a  wotk  on 
"  lies  antiquU^s  de  Warmd  (The  antiquitiea  W&rend),  a  district  of  sootli- 
em  Sweden,  by  Mr.  Wittlock,  1871;  tb«i  a  ceramic  monograph  on  tlie 
clay  fQueral  vasea  fonnd  in  Sweden  by  Mr.  Strale,  1^73.  The  great 
illastrated  work  of  Ur.  Baltzer,  of  GStheborg,  on  the  glyphics  apra 
the  rocks  of  Bohusl&n,  of  the  age  of  bronze,  commenced  in  1881,  is  not 
yet  flnished. 

The  Swedish  periodical  publications  which  we  have  mentioned  sbovc^ 
page  320,  have  been  continaed  in  this  period ;  since  the  year  1872,  tJw 
Academy  of  Antiqnities  has  added  to  them  a  new  ManaMlad  (monthly 
bulletin)  cootainiug  less  exteuded  memoirs  and  especially  inftHination 
on  recent  finds  and  excavations.  In  1873,  the  Academy  also  oom- 
meuced  tbe  publication  of  a  grandly  conceived  work,  Teibntii^  «r 
Statmt  kiatoriska  miuetiffl  (Illaatrations  of  tbe  National  Arcbseologioal 
Museum).  This  magnificent  work  ia  destined  to  comprise  several  vol- 
umes of  figures  on  tbe  most  important  series  of  the  maaenm  of  Stock- 
holm. 

In  1874,  the  International  Congress  of  Anthropology  and  Archeology, 
having  held  its  seventh  session  at  Stockholm,  the  Messrs.  Hildebrand, 
father  and  son,  together  with  Mr.  Sven  Nilsson,  did  the  honors  of  Swedish 
arcbsology  to  their  most  illnstiious  colleagues  from  all  tbe  couutriesof 
Europe.  In  1879,  Mr.  B.  E.  Hildebrand,  the  trae  founder  of  the  mDseDm 
of  Stockholm,  resigned  tbe  direction  of  the  masearoand  his  positiouas 
antiquary  of  tbe  kingdom ;  he  was  succeeded  by  his  son,  Hans  Hilde- 
brand ;  he  was  still  living  five  years  ago.  In  1883,  Sven  Nitsson  also 
died  at  Lund,  almost  a  centenarian. 


Mr.  Worsaae,  during  all  this  perioil,  has  continaed  to  be  tlie  chief  of 
the  pre-historic  arcbteologists  there.  Among  his  numerous  works  we 
must  notice  an  important  memoir  which  appeared  in  1872,  in  the  Aarbo- 
ger  on  tbe  archaeology  of  tbe  countries  situated  to  tbe  east  of  Scaodi- 
navia,  a  French  edition  of  which  appeared  in  the  Memoirs  of  1873-T4 
under  this  title:  La  colonisation  de  la  Russie et  du  Nord scan^inave  etleur 
plusancien  itat  de  civilisation  (the  settlement  of  Russia  and  of  the  Scan- 
dinavian Korth  and  their  most  ancient  state  of  civilization).  He  demon- 
strates that  the  theory  of  the  immigration  of  tbe  Scaudioaviau  peoples 
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fiotii  tbe  East  Qods  do  support  in  arcbEeological  facts,  lu  the  AarbS- 
ger  of  1879,  he  pablishes  a  study  embracing  vast  territories :  Des  dges  de 
pi«rreetde  bromedana  Pancienet  le  nmiveau  monde  {ou  tbe  ages  of  stone 
and  of  bronze  in  the  Old  and  tUe  New  World) : — French  trauslatiou  in 
tbe  Memaira,  1880.  In  tbis  memoir  he  advances  tbe  opinion  that  tbese 
arefaeeological  ages  have  existed  in  eastern  Asia  and  in  America,  and 
that  the  system  of  the  three  periods  has  thus  a  certain  value  in  the 
whole  world.  Hedrawstbencethe  conclusion  that  in  the  developments 
of  civilization,  there  is  not  only  a  parallelism,  but  tilsn  a  true  relation, 
even  between  tbe  most  distant  races.  In  his  book,  Nordens  Forhistorie, 
lS78f  second  edition,  1881  (the  pre-bistory  of  the  North),  he  seeks  to 
give  a  complete  epitome  of  the  reenlts  of  northern  arcbseology.  In  his 
last  years  he  occupied  himself  with  researches  by  which  he  believed 
that  he  could  open  new  horizons  apon  our  knowledge  of  pre-historio 
civilization ;  comparative  studies  of  autiqaities  from  tbe  point  of  view 
of  their  forms  and  of  their  ornameotatioa,  jvhich,  according  to  him, 
mnat  almost  all  have  derived  their  origin  firam  religiooa  symbols; 
and  detailed  observations  on  the  usages  aiid  rites  according  to  which 
antiqaities  are  deposited  he  thought  that  he  conld  even  form  conject- 
turea  about  tbe  mythology  and  the  religious  life  of  prehistoric  times. 

In  his  book,  The  industrial  arts  of  Denmark,  London,  1883  (South 
Kensington  Hand-Book),  he  has  published  some  conclusious  on  this 
subject. 

By  tbe  side  of  Worsaae  the  men  whose  names  have  been  mentioned 
above— among  them  Mr.  Engelhardt  especially — have  also  been  active 
at  the  uttsenm  of  Copenhagen  dnriug  this  period.  His  works  treat  of 
the  age  of  iron.  We  call  attention  to  one  of  his  articles  of  1871,  Bom- 
ertke  Ojefutande /undne  i  Harden  (Roman  objects  fonnd  In  the  North), 
a  French  r^sam^  of  which  exists  in  tbe  Memoirg,  1873 ;  theu  to  two 
memoirs  ou  the  tombs  of  the  iron  age  in  easteru  Denmark  (in  tbe  Aar- 
boger,  1877,  cf.  Memoirs,  1878-'79)j  and  in  Jutland  (in  the  Aarboger, 
1881).  Constructed  according  to  a  larger  plan  is  hia  work  of  1875, 
KUuatHk  ladttttrii  og  Kalturs  Betydningfor  Norden  (laHneuce  of  claasio 
industry  and  civilization  uiton  those  of  the  North  in  antiquity  in  tbe 
Memoin,  1875-'76).    Mr.  Engelhardt  died  in  1881. 

In  Denmark  also  a  new  generation  of  archieologists  has  formed  at 
tbe  mnsenm  in  the  perio<l  of  whose  history  we  are  giving  a  summary. 
Hr.  Sophos  MUller  has  published  there  several  admirable  works  on 
comparative  arcbseology,  relyiug  not  only  upon  Danish  materials,  but 
also  upon  a  profound  knowledge  of  all  the  riches  existing  in  foreign 
lands,  where  he  has  several  times  visited  the  most  important  mnsenms. 
Id  a  study  published  in  the  Aarboger,  1877,  be  succeeded  in  sub-divid- 
ing tbe  age  of  iron  in  Denmark  iu  a  more  detailed  manner  than  any  one 
ha<l  done  before.  In  1876,  appeared  his  work  on  "  The  periods  of  the 
age  of  bronze,"  in  which  be  seeks  to  demonstrate  that  the  two  gronpa  of 
the  northern  age  of  bronze,  established  by  Mr.  Worsaae,  and  defined 
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in  a  more  complete  manner  by  Mr.  Mooteliua,  rest  apou  dEffeiences 
ratbra  in  topography  than  inctironology.  lu  1880,  be  published  an  ex- 
celleBt  work  on  "Deooration  with  nnimal  designs  in  the  northerD  age 
of  iron  "  {La  d^eoraikm  miee  d«t  nuOifa  animaux  dmu  Vage  dtifer  nor- 
diqwi)  and  in  Earope  during  the  epochs  of  the  migrations  of  the  peo- 
ples. In  the  Aarbiiffer  of  1882,  is  contained  his  important  memoir,  Stir 
lea  originea  et  le  premier  d^velo^tment  de  Cdg«  du  bronze  en  Europe, 
AtUuri  par  Im  trouvaillee  dan*  le  »ud-e»t  de  FEurope  (on  the  origin  and 
first  development  of  the  age  of  bronze  in  Enrope,  elucidated  by  the 
finds  in  the  sonthweat  of  Barope).  There  the  anthor  treats  of  the 
finds  discovered  by  Mr.  Schliemauu  aud  of  the  materials  derived  from 
sootbem  Bassia  and  Ganoaaas.  These  three  works  havfe  also  passed 
through  German  editions. 

Among  the  yoang  nen  connected  with  the  mnseam  of  Oopeohagen 
Mr.  Henry  Petersen  ought  also  to  be  named.  In  the  nnmber  of  bispnb- 
llcations  mnst  be  mentioned  his  memoir  of  1875,  Belleriatninger  i  Dan 
mark  (a  r^snm^  in  theMemoirt,  1877;  ^'Notee  on  the  scnlptared  stones 
of  Denmark");  and  further,  Stenatderens  grav/ormer  og  derea  chrowtlogie 
(the  different  kinds  of  tombs  daring  the  age  of  stone  in  Denmark  and 
their  chronology,  Aarboger,  1881);  the  remains  of  northern  Germany 
are  also  here  treated.  Otherwise,  the  works  of  this  anthor  are  mainly 
taken  np  with  the  arehfeology  of  the  middle  ages. 

Among  the  other  archteologists  who  have  been  active  during  this 
period  in  Denmark  we  mnst  name  also  Mr.  Boye,  previously  mentioned, 
who  has  published  aeveral  memoirs  upon  national  antiqaities;  then  Hr. 
Ziuk,  who  in  the  Aarboger,  1871,  published  a  vtfry  important  memoir 
8ur  le*  tombeaux  He  VAge  An  bronze  et  le»ri  relation*  aveo  ceux  de  V&ge  de  Is 
pierre  (on  the  tombs  of  the  age  of  bronze  and  tbeir  rotations  to  tiioae  of 
the  age  of  stone.)  Mr.  Vedel,  the  governor  of  the  island  of  Bornbolnl, 
who  in  the  AarbSger,  1869, 1870, 1872, 1878,  and  1883,  (c/.  Memoir*,  1S72, 
1878, 1879,)  has  given  the  report  of  his  researches  on  the  pre-historic 
antiquities  of  this  island,  researches  so  excellent,  that  there  is  not  per- 
haps in  nortliern  Europe  any  territory  so  correctly  explored  tmm  the 
point  of  view  of  its  antiquities  as  the  island  of  Bomholm. 

The  able  artist  Mr.  A.  P.  Madsen,  published  in  1868-'76,  a  splendid 
illostroted  work:  AfbUdmnger  of  Datuke  MindetmUrker  og  Oldtager 
(Illastiated  Danish  remains  and  antiquities),  three  volumes  in  4to, 
ooniaiuing  126  engraved  tables.  Another  Danish  artist,  Mr.  Maguas 
Petersen,  has  also  devoted  himself  to  the  illnstration  of  Danish  antiq- 
nities. 

A  proof  of  the  ardor  with  which  national  archsmlogy  in  Denmark 
was  cultivated  also  by  private  individuals  is  afforded  by  the  two  mag- 
nificent works  pablisbed  in  1878  and  1884,  by  Mr.de  Sehested.  In  tbe 
vicinity  of  his  oh&teau  of  Broholm,  on  the  island  of  Fiouia,  this  gentle- 
man hod  for  a  series  of  years  investigated  tbe  arohteological  remains 
with  minute  care,  and  undertaken  considerable  excavations,  the  reports 
of  which  are  contained  in  tbe  two  works  ment^pned.  <^  very  special 
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interefit  toe  tbe  descriptions  in  the  second  work  (postbomons)  of  the 
long  series  of  tecliQicsl  experiments  nndertaken  by  tbe  aotbor  daring 
seyemi  years  apon  the  making  and  tbe  utility  of  stone  implemented 
for  example,  fae  had  a  wooden  house  constraoted,  nsing  ouly  atone  toots. 

In  the  same  way  after  the  year  1870,  Mr.  St«en8trup  continued  his 
studies  on  the  pre-historic  dora  and  fauoaof  Denmark.  For  example, 
his  memoir  included  in  the  Reports  of  the  Academy,  1872,  on  the  con- 
temporaneity of  tbe  Bob  primigenius  and  the  forests  of  fir  in  Denmark, 
in  which  mention  is  made  of  some  dint  chips  bnried  in  animal  bones,  as 
proofof  the  hunts  conducted  against  the  deer  during  the  stone  age,  is 
important. 

Quite  an  interesting  episode  in  the  development  of  Swedish  archfeol- 
ogy  is  the  vehement  controversy  with  tbe  German  archteologists  wbicb 
took  place  from  1876  to  1880.  Before  that  time  the  system  of  tbe  three 
periods  bad  already  been  vigorously  contested  in  Germany,  where  the 
Mcheetdogical  materials  were  scattered  in  a  multitude  of  small  colIee> 
tiOQS,  and  where  (owing  to  the  lack  of  great  deposits  of  ol^ts)  one 
oould  with  difBcnIty  understand  the  priucipal  pliaftes  of  the  develop- 
ment of  civilization.  Mr.  Worsaae  bad  been  obliged  several  times  to 
repulse  the  German  attacks  against  northern  arcbieology,  e8i»ecially 
tlKwe  of  Mr.  Liudenschmit.  In  1876,  Mr.  Hostmanu,  in  the  Arehiv  fur 
Antltrepologie,  made  a  furions  assault  against  the  theory  of  the  three 
anhsMilogical  ages,  and  disputed  especially  tbe  existence  of  an  age  of 
bronze.  On  the  northern  side  M.  Sophns  MUller  entere<l  tbe  lists; 
oth^B  joined  the  two  champions ;  the  controversy  continued  for  sev- 
eral years.  If  tbe  attacks  have  in  no  respect  been  able  to  overthrow 
the  syst«m  of  the  three  periods  or  annihilate  the  age  of  bronze,  it  will 
be  found  perhaps  that  northern  archaeology  has  received  a  salutary  in- 
ttneoee  from  the  criticisms  of  German  scholars. 

Doriug  these  fifteen  years  {lS70-'85),  the  periodical  pabllcadous  be- 
fore mentioned  have  been  continued  by  the  Boyal  Society  of  Antiquaries 
of  tiie  North  at  Copenhagen.  In  Aarboger  for  nordisk  Otdkyndighed 
(Aunols  for  the  study  of  northern  antiquities),  and  in  the  Mimoires  ^ 
ia  BooUti  TOyaU  dea  Antiquaireg  du  Nord  (Memoirs  of  the  Boyal  Sodety 
of  the  Antiquaries  of  the  North)  new  series  were  commenced  in  1866. 
Moreover,  investigators  have  worked  energetically  during  this  epoch  to 
coBplete  the  arch£eological  exploration  of  Denmark,  and  numerons 
excavations  have  been  undertaken  by  the  scholars  connected  with  tbe 
museum.  In  1874,  Worsaae,  theu  minister  of  religion,  procured  an 
annaal  subsidy  from  the  revenue  of  tbe  state  for  tbe  investigation  of 
tbe  antiquities  of  the  country.  Every  summer  an  archaeologist  and  an 
artist  associated  have  since  1875,  travelled  through  several  districts 
parish  by  parish,  writing  lists  nnd  detailed  descriptions  of  tbe  known 
remains  and  findings,  and  taking  the  measure  and  the  designs  of  all 
the  ancient  remains  still  existing.  When  these  labors  some  years 
hence  shall  bave  been  finished,  there  will  be  in  Europe  no  coaotry 
iPchiBOlogioally  so  well  explored  and  known  as  Denmarlt.C(.)OQle 
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The  aiotueological  society  of  tbis  conntry,  under  the  direction  of  Ur. 
Nicolajaen,  the  antiqaaiy  of  tbe  kingdom,  has  contiuoed  since  the  year 
1870,  its  investigations  and  its  excavations,  tbe  reports  of  which  an 
fonnd  in  the  annals  of  the  Bociety.  In  1875,  wae  established  at  the  Uoi- 
verBi^ofChristianiaa  chair  of  pro-historic  arehieology  (perhaps  tbRfirst 
onlioaty  chair  for  this  science  in  iiny  university  in  Europe  1)  to  which  was 
appointed  Mr.  O.Bygb.  TheadministrationoftbemnseatnofGbristiftDia 
vas  attached  to  this  chair.  Tbis  period  saw  the  most  active  Norwegian 
arohfeologists :  First,  those  already  mentioned,  then  Mr.  Lorange,  the 
director  of  tbe  moseum  of  Bergen  since  1874,  Messrs.  Bendisea  and 
Undeet  Among  tbe  publications  must  be  mentioned  a  memoir  of  Bygh 
on  the  Deuxidme  Age  du  fer  en  Nbrvige  (Second  age  of  iron  in  Norway), 
which  appeared  in  tbe  Danish  AarbSger,  1877,  and  above  all  a  large 
and  splendid  atlas,  which  appeared  in  1880-'85,  Nortke  Oldmger  (Nor- 
wegian antiquities),  732  wood  cuts,  with  the  text  in  Norwegian  aud  in 
French. 

Among  the  publications  of  Mr.  Lorange  mu^t  be  noticed,  Om  tpor 
of  ramertk  CuUur  i  Norget  aldre  Jemalder,  1S73  (The  traces  of  Roman 
civilization  in  Norway  during  tbe  first  age  of  iron).  A  remarkable  work, 
Langakibet  fra  Ookstad  (The  ship  of  Gokstad),  by  Mr.  Nicolaysen,  was 
published  in  1882,  with  a  number  of  plates  and  figures,  the  text  in  Nor- 
wegian and  in  English,  in  4to.  He  there  describes  a  large  ship  of  tbe 
epoch  of  the  Normands  (about  the  year  900)  which  he  was  able  to  dig 
out  of  a  tumalusand  have  transported  to  Christiania,  whore  this  unique 
relic  is  now  preserved  in  tbe  arcbteological  museum,  of  which  it  con- 
stitutes the  principal  ornament.  Mr.  Uudset,  connected  with  the  mo- 
seam  of  Christiania,  has  for  his  part  contributed  to  comparative  archie- 
ology  by  works  founded  upon  studies  made  daring  extended  travels. 
Beferenoe  may  be  made  to  a  memoir  by  him,  Fra  Korgea  oldre  JenuMer 
(On  the  first  age  of  iron  in  Norway,  published  in  tbe  Danish  Aarboger, 
1880);*  then  a  book  entitled,  Etudes  sur  P&ge  du  broAze  de  la  Bongrie 
(Stadies  on  tbe  bronze  age  of  Hungary),  Christiania,  1880,  iu  which  he 
has  treated  of  the  relations  between  tbe  bronze  age  of  central  Europe 
and  that  of  the  Scandinavian  North.  In  1881,  appeared  his  great  work: 
Jerwalderens  BegyndeUe  i  Nordeuropa  (the  beginnings  of  the  iron  age 
in  northern  Europe.  A  German  edition  of  it  was  published  in  18S2, 
under  tbe  title,  Das  erate  Auftreten  des  EUens  in  Nordeuropa.  In  this 
book  he  speaks  of  all  the  materials  of  central  aud  especially  northern 
Europe,  which  date  from  the  epoch  of  the  transition  from  the  bronte 
age  to  the  age  of  iron. 

I  conclude  this  retrospective  review  of  pre:_historic  arohieology  in 
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Scandinavian  countries,  vbich  has  become  essentially  a  history  of  its 
developments  in  the  Ifortb,  with  a  single  remark.  It  is  possible  tliat 
some  persons  may  be  surprised  that  aoder  the  title  of  pre-historic 
arobieology  I  include  works  tre:ttiog  of  Roman  antiquities  or  dating  even 
from  a  later  period.  It  is  because  the  Scandinavian  countries  were 
plunged  in  pre-historic  darkness  until  nearly  the  year  1000  of  our  era. 
The  knowledge  of  nortbem  doings  and  developments  before  that  epoch 
sbonld  be  sought  there  principally  in  an  empirical  manner,  by  the  in- 
dactive  fitadyof  all  the  amdisological  materials,  whatever  thf^^may  be. 
The  word  pre-historic  has  a  signification  altogether  relative.  The  con- 
ditions of  France,  for  instance,  abont  the  year  2000  before  oar  era,  are 
absolDtely  pre-historic,  while  the  civilization  of  the  valley  ef  the  Nile, 
baving  followed  its  coarse  for  many  centuries,  was  already  in  the  fall 
light  of  history. 
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PROGRESS  OP  ANTHROPOLOGY  IS  1889. 


By  Prof.  Ons  T.  Mason. 


mTBODITOTIOIf. 

Merely  for  the  convenieace  of  bringing  together  those  Bntgects  that 
are  most  akin,  and  not  to  draw  hard  and  fast  lines  in  a  vigoroosly 
KTOwing  science,  the  same  method  will  be  porsoed  here  as  in  last  year's 
samnmry.  The  order  of  presentation  will  be:  General  or  Enoyclopcedio 
Antliiopology,  Biology,  Psychology,  Ethnology,  Language,  Technology, 
Archeology,  Sociology,  Philosophy,  Folk-lore  and  BeligioD,  and 
Hexitdogy. 

Under  the  heading  of  Encyclopedic  Anthropology,  the  following 
clasuflc  concepts  oover  the  entire  gronnd : 

(1)  General  treatises,  annnal  addresses,  coarses  of  lectures,  ditStion- 
aries,  encyclopedias,  general  discnsBions,  claBsiAcations  c^  the  science. 

(2)  So4^ties,  their  organization,  scope,  enterprises,  history,  and  lists 
vt  their  publications. 

(3)  Joaraals,  proceedings  and  transaotious,  the  organs  of  associated 
bodies. 

(4]  Periodicals,  like  I/An  thropologie,  devoted  wholly  or  in  part  to 
anthropology. 

(5)  Aunaal  assemblies,  cancuses,  congresses,  genend  meetings  of  a 
nadonal  or  international  charaol«r. 

(6)  laboratories  for  general  stady. 

(7)  Moseams  and  collections,  public  and  private,  their  scope,  con- 
tents, methods,  catalogues  and  history.    Expositions. 

(8)  Albums,  galleries,  portfolios,  methods  of  illustrating  anthro- 
ptdogy. 

(9)  Libraries  on  anthropology,  catalogues,  bibliographies,  check-lists, 
and  devices  for  ready  reference,  classification  of  books. 

(10)  InstmotioDS  to  oollectors. 

I.— GENERAL  ANTHROPOLOQT. 

(1)  Each  year  some  distinguished  antbropologiet  brings  together  the 
idsolts  of  his  lifetime  work  in  a  general  treatise  upon  the  natural 
history  of  man.    In  accordance  with  this  nnwritteu  law  the  hiatoriau 
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calla  attention  to  the  works  of  Sergi  and  Tamer  in  the  coireat  yeu. 
Cbaracteristic  addresses  were  delivered  by  Qalton  and  Vircbow,  the 
former  before  theannaal  meetiDg  of  the  Antbropolo£ieal  iDstitnte,  the 
latter  before  the  gODeral  ineetiiig  of  Gennan  anthropologists  io 
Vienna.  The  Tolames  of  the  Bibliothfeqae  Autbropologiqae  eontiDne 
to  make  their  appearance.  This  series  is  designed  to  give  expression 
to  the  ripest  thoaghts  of  the  French  Soci4t4  d'Anthropologie.  The 
series  of  Smithsonian  Annuat  Reports  now  embraces  two  volaroea 
instead  of  one,  as  formerly.  Part  1  contains  general  papers ;  while  in 
Part  II  will  be  found  only  soch  as  are  based  on  material  in  the 
National  Musenm  collections. 

{2)  Happily  for  tbediGfnsion  of  knowledge,  innumerable  aocieties  and 
organizations  are  now  to  be  found  in  every  land,  studying  mankind. 
It  wonld  be  well  to  enamerate  them  all.  The  best  collection  of  titles 
will  be  fonnd  in  the  very  last  Smithsonian  list  of  foreign  and  home  cor- 
respondents. Scnddei's  catalogue  has  already  become  antiquated  by 
the  death  of  many  societies  and  tbe  birth  of  others.  Indeed  the 
anthropological  part  of  it  was  never  full.  Nothing  is  more  desirable, 
and  tbe  suggestion  is  here  made  with  the  hope  of  stirriug  np  an  in(e^ 
est  in  the  subject.  In  tbe  bibliography  appended  to  this  report  most 
of  tbe  great  national  societies  are  noticed,  especially  in  connection  with 
their  journals  and  proceedings.  The  personnel  of  the  American  local 
s(ft;ieties  is  generally  represented  in  the  Ameriean  Association.  Tbe 
same  is  tme  of  England  and  France.  '  The  leading  spirite  of  local  or 
gauizations  Rr«  to  be  seen  in  tbe  British  Association  and  the  French  As- 
sociation. It  is  only  in  Germany  that  a  general  anthropological  annnal 
meeting  is  held,  in  which  the  sole  topic  considered  is  the  natural  his- 
tory of  man.  Tbe  national  organization  of  Germany  is  most  complete 
in  this  regard.  Every  meeting  publishes  a  stenographic  report  in 
Gorrespondenz-Blatt 

(3)  Whet  is  tme  of  societies  is  trae  of  their  journals.  A  fall  list  can 
not  be  given.  If  tbe  following  should  be  carefully  studied,  nearly  all 
that  is  good  will  be  found  reviewed  or  at  least  oatalogned  by  author  and 
by  title. 

The  American  AntkropotogittfWatihmgtaa  ;  Arokiv/UrAnthropoiofie, 
Brannscbweig;  Arckivioper  V  Antropologui,  Firenze;  BuUetint  de  la 
8oci4t4  tPAnthropologie de  Paris;  Journal  of  the  Anthropological  /iu(>- 
tute  of  Great  Britain  and  IreUmd,  London ;  Journal  of  the  Bogal  Asiatie 
Society  of  Great  Britain  and  Ireland,  London ;  Mittheilungen  der  An- 
thropoiogischen  Geselhehaft,  in  Wien  ;  Yerhandlungen  der  Berliner  Gudi- 
$chaftfur  Anthropologic,  Ethnologie  vnd  Urgeackidtte,  Berlin. 

(4)  Tbe  most  gratifying  statement  to  be  made  in  this  summary  is  tbe 
fact  that  every  popular  magazine, weekly  or  daily  newspaper,  and  envy 
course  of  lectures  for  tbe  people,  contains  a  great  deal  of  the  very  best 
anthropological  material.  It  is  frequently  said  nowadays  to  tbe  pub- 
lishing committees  of  technical  and  scientific  jonmals,  **  We  cannot 
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aflord  to  have  our  papers  appear  in  oar  society  organ  becanse  tbe  sab- 
scriptioD  periwlicaU  offer  good  prices  for  tbeiu."  This  fact  marks  an 
epocb  ill  the  history  of  anthropological  Itteratare  and  invites  the  socie- 
ties to  explore  uew  fields  to  which  tbe  general  reader  has  not  arrived, 
ludeed  it  is  impossible  to  chronicle  all  the  periodicals  of  purely  scien- 
tific character  that  lend  their  pages  to  our  pens. 

If  tbe  following  journals  be  scrutinized  in  their  original  papers,  re- 
Tievs,  and  book-lists,  little  that  is  desirable  will  escape  the  reader: 

Academy,  London;  American  Antiquarian  and  OrientalJoumal,  Men- 
don,  III.;  The  American  Jfaturatist,  New  Tork ;  L'Anthropologie,  Paris ; 
Alhenaum,  London;  Ausland,  Stuttgardt;  Internationale  Archiv  fUr 
Ethnograpkie,  Leiden;  Nature,  London;  Tlte  Popular  Science  Monthly, 
New  York ;  Science,  New  York. 

5.  Tbe  four  events  of  national  interest  each  year  are,  the  British 
Association  for  tbe  Advauceineut  of  Science,  the  American  Associ- 
ation for  the  Advancement  of  Science,  the  Association  Francaise  pour 
I'ATancemeut  Ues  Sciences,  and  the  Allgemeine  Yersammlung  der 
(leatscheu  Gesellschaft  fUr  Antbropologie.  Daring  the  year  1889,  the 
first  named  met  in  Newcastle-ou-Tyue,  the  second  in  Toronto,  tbe  third 
in  Paris,  in  connection  with  tbe  Exposition,  the  fourth  in  Vienna. 

Tbe  programme  of  tbe  anthropological  section  of  the  British  Associ- 
ation was  as  follows:  Marks  for  bodily  efficiency  in  examination  of 
candidates  for  pnblic  service,  Francis  Gallon.  Early  failnre  of  pairs 
of  grinding  teeth,  W.  W.  Smith.  Development  of  the  wisdom  teetli, 
Bedolfo  Livi.  Left-leggedness,  W.  K.  Sibley.  Occasional  eighth  true 
rib  iu  man,  D.  J.  Guuntiigham.  Proportion  of  bone  and  cartilage  in 
tbe  lumbar  section  of  the  vertebral  column  in  apes  and  iu  men,  id. 
Model  of  tbe  head  of  a  man  said  to  be  one  hundred  and  six  years  old, 
id.  Head  and  shoulders  of  a  young  orang,  id,  European  origin  uf 
early  Egyptian  art,  J.  Wilson.  African  airs  and  musical  instruments, 
Governor  Maloney.  Tbe  Vikings  the  ancestors  of  English-speaking 
nations,  P.  B.  du  Gbaillu.  Origin  of  the  Aryans,  Isaac  Taylor.  Eth- 
nological significance  of  the  beech,  Isaac  Taylor.  Bight  of  property  iu 
trees  on  another's  land,  Hyde  Clarke.  Report  of  committee  on  the  tribes 
of  Asia  Minor.  Report  of  committee  on  anthropological  notes  Hud 
qneri^.  Report  of  committee  on  anthropological  measures  taken  at 
Batb.  Nvw  anthropometric  instrument  for  tbe  use  of  travelers,  F. 
tiallon.  Instruments  for  measuring  re-action  time,  id.  Tbe  Smithson- 
ian Institution  in  relation  to  Anthropology,  T.  Wilson.  The  study  of 
etbonology  in  India,  H.  U.  Bisley.  Former  beliefs  and  customs  of 
Torres  Straits  tslamiers,  A.  C.  Iladdon.  Notes  collected  at  Morvat, 
New  Gaiuea,  Edward  Beardmore.  Tbe  British  race  in  Australia,  Dr. 
McLaurin.  Color  of  tbe  skin  in  certain  Oriental  races,  T.  Bnldoe.  Tem- 
peratnre  of  negroes  and  Europeans  in  tropical  countries,  K.  W. 
Fellcin.  Sensibility  in  Europeans  and  in  negroes,  id.  The  Esqui- 
maos,  Fridtj  of  Nansen.  Northumberland  iu  prehistoric  times,  G. 
H.  Mis.  224 38  ,CoOt^le 
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Borne  Hall.  Implements  of  stag's  horo  witb  vbales'  akeletoDB  in  the 
Carse  of  StirltDg,  Sir  William  Toruer.  Tbe  origia  of  hnmau  facalty, 
G.  J.  Romaues.  Brain  fuuctions  and  human  character,  B.  Hollander, 
Topography  of  the  braio  io  relatiou  to  the  aarface  of  the  head,  Pro- 
fessor Fraser.  Classification  of  sociology,  G.  Weddell.  Pire-makisf; 
in  North  Borneo,  S.  B.  J.  Skertcbley.  The  tribes  of  Soath  Africa,  T. 
Macdonald.  Beport  on  occnpatioQ  aod  employments,  tbeir  effects  od 
tbe  developmeat  of  the  human  body.  Beport  on  the  Dorthwesten 
tribes  of  Canada,  Bix  plates,  pp.  797-893.  Beport  on  an  archaeological 
map  of  tbe  British  Isles. 

Colonel  Mallery,  of  the  Bureau  of  Ethnology,  opened  the  session  of 
the  anthropological  section  of  the  American  Association  with  a  strib- 
iog  paper  entitled  Israelite  and  Indian.  Tbe  following  is  the  programine 
of  Section  H :  Aboriginal  fire-makiug,  Walter  Hough.  Shinto,  the  re- 
ligion of  the  Japanese,  Bomyn  Hitchcock.  Siouan  terms  for  "  mj'ste- 
rious"  and  "serpent,"  J.  O.  Dorsey.  Gens  and  sub-gens  in  four  Siouan 
languages,  J.  O.  Dorsey.  Principles  of  evidence  relating  to  the  antiquity 
of  man  W.  J.  McGee.  Evolution  of  ornament,  W.  H.  Holmes.  Monoda 
of  North  Dakota,  Henry  Montgomery.  Iroquois  white-dog  feast,  W.  M. 
Beancbamp.  Missions  Indians  of  California,  H.  W.  Henshaw.  Suc- 
cessors of  paleolithic  man  in  the  Delaware  Valley,  C.  C.  Abott 
Wiuoepeg  uonod  region,  George  Bryce.  Artificial  lauguages,  David 
B.  Keys.  New  linguistic  family  in  California,  H.  W.  Henshaw.  The 
Parsee  towers  of  silence,  Mrs.  li.  Hitchcock.  Seega,  an  Egyptian 
game,  H.  C.  Bolton.  Onondaga  Shamauistic  masks,  De  Cost  Smith. 
Gold  oniameDts  from  Florida,  A.  E.Douglas.  Alpbabetof  tbe  Winne- 
bago Indians,  Miss  Alice  C.  Fletcher.  Great  medicine  society  of  tbe 
OJibwn,  W.  J.  Hoffman.  Algonkin  Onomatology,  A.  F.  Chamberlain. 
Indian  personal  names,  J.  O.  Dorsey.  Hnrou-Iroquois  of  the  St. 
Lnwreuce  and  lake  region,  D.  Wilson.  Gesture  language  of  tbe 
Blaekfeet,  J.  McLean.  The  African  in  Canada,  J.  C.  Ilamelton. 
Indian  burial  in  New  York,  W.  M.  Beauchamp.  Portrait  pipe  in 
Central  America,  A.  E.  J>ouglas.  Government  of  the  Six  Nations, 
OJi-ja-tek-ka,  Ancient  Japanese  tombs  aud  burial  grounds,  B.  Hitch- 
cock. Explorations  arouud  the  serpent  monnd,  Ohio.  Aboriginal 
monuments  in  North  Dakota,  Henry  Moutgomery.  Little  Fall  qnarties, 
Franc  B.  E.  Babbitt.  A  Missis^qua  legend,  A.  F.  Chamberlain. 
Places  of  gentes  in  Sioaau  camping  circles,  J.  O.  Dorsey.  Onomato- 
poeia interjections,  etc.,  J.  O.  Doi-sey.  Ancient  pit-dwellers  in  Yezo, 
B.  Hitchcock.  Steatite  ornaments  from  Susqnehauua  River,  A.  Wan- 
ner, Eskimo  of  Cape  Prince  of  Wales,  Hudson  St.,  F.  F.  Payne.  Coo- 
tents  of  children's  mounds,  H.  H.  Ballard.  Tbe  Accads,  Virginia  H. 
Bowers. 

The  programme  of  the  French  Association  was  made  far  more  interest- 
ing by  the  illustrative  collections  in  the  Paris  Exposition.  The  following 
subjects  were  discussed:  The  Svastikaand  the  cross  as  religious  eni- 
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blema,  Abbe  Bocbon.  Authropometric  characters  of  the  French,  A, 
BertilloQ.  Stone  Age  in  Deomark,  Taldemar  Schmidt.  Pre-Boman 
timex  in  Lorraine,  F.  Barthelemy.  Stone  disks  found  in  neolithic  cem- 
eteries, CliAuvet.  Ethnic  energy,  J.  Laumonier.  Stone  chests  in  the 
dolmen  of  Gmlennec,  F.  Gaillard.  Digging  of  a  mardelle  in  Oard, 
Delort.  Photogra))h8  of  Mexican  antiqnities,  Boban  Dnverge.  Insist- 
ence of  semi-domestic  herds  in  the  Magdaleuian  epoch,  Piette.  Age  of 
tirouze  in  the  Gironde,  Dr.  Berchon.  Prehistoric  right.and  left  hand, 
Q.  de  Mortillet.  Anthropomett?  of  a  series  of  Algerians,  Dr.  Manonv- 
rier.  Skulls  from  the  sepnlchral  grotto  of  Masdfrecb,  Dr.  Pmnieres. 
Form  of  the  thamb,  Dr.  A.  Block.  Minerals  used  in  making  prehis- 
toric objects,  Thomas  Wilson.  Paleography  among  the  Arabs,  Tarry. 
Pbyaical  characters  of  the  Japanese,  Verrier.  Stone  disks  fonnd  in  the 
neolithic  sepultures,  Ohauvet.  Histologic  researches  as  a  complement 
to  morphological  studies  in  the  brain.  * 

The  address  of  Dr.  Virchow  before  the  German  society  was  »  review 
of  twenty  years  in  anthropology.  The  papers  read  were  as  follows: 
General  meeting  of  the  German  aothropologtcal  society  in  Vienna,  from 
Aagnst  5  to  10, 1889,  with  a^ionmed  meeting  to  Buda  Pesth,  August  11 
to  14.  Inspection  of  the  pre-historlc  exhibition  and  collections  in  the 
Boyal  Natural  History  Museum.  Preliminary  report  upon  the  adoption 
of  a  common  scheme  for  anthropometry  and  nomenclature  of  the  brain. 
Anthropology  iu  the  last  twenty  years,  K.  Yirchow.  The  present  state 
of  pre-historic  studies  iu  Austria,  Moriz  Hoernes.  The  protection  of  pre- 
historic antiquities,  von  Troltsch.  Beport  of  the  central  commission  on 
art  and  bistoiic  monaments,  M.  Much.  Pre-historic  times  iu  middle 
Europe  and  their  relation  -xith  neolithic  times,  J.  N.  Woldrich.  Con- 
temporaneity of  mammoth  with  diluvial  man  iu  Mabren,  J.  Masks. 
Stone  boring  iu  ancient  stone  implements,  Theodor  Ortvay.  Bronze 
age  in  Bavaria,  J.  Naue.  Similarities  of  form  in  bronzes,  at  home  and 
abroad,  Gandaker  Graf  von  Wnrmbrand.  Alphabetic  characters  on 
Dacian  finds,  S.  von  Torma.  Engraved  bones  and  antlers  in  the  caves 
of  Eoloa  and  Kostelik,  Martin.  Keport  of  the  committee  on  the  same, 
Eriz.  Daggers  in  women's  graves  of  the  bronze  age,  Julia  Mestorf. 
Arcbieological  finds,  gold  and  silver,  Grempler.  Report  on  physical 
anthropology ;  the  measurements  of  recruits,  J.  Banke.  Physical  char- 
acters of  the  peoples  of  the  Austrian  Alps,  Zuckerkandl.  Enman 
Dtolara,  Zuekerkaudl.  Present  knowledge  of  crania,  Scbaaffbausen. 
Orania  Americana  ethnics,  B.  Virebow.  Positions  of  the  ear  on  the 
head,  J.  Ranke.  Placenta  in  men  and  apes,  Watdeyer.  Diluvial  finds 
from  Mahren  ;  bronze  finds  in  Austria,  Szombatby-  Cemetery  of  St. 
Lncia  in  Kusterlsnde,  Marcbesetti.  Finds  and  their  positions  iu  Len- 
gyel,  Wosinsky. 

The  tenth  session  of  the  International  Congress  of  Anthropology  and 
Prehistoric  Arehieology  was  held  in  Paris,  at  llie  College  of  France, 
6om  August  19  to  26,  under  the  presidency  of  Prof.  A.  de  Quatrefages. 
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The  following  is  th4>i  programme:  (1)  Erosioa  aud  filliDg  of  valleyB. 
Filling  of  cavenis  in  relation  to  the  antiquity  of  man.  (2)  Periodic- 
ity of  glacial  pbenomena.  (3)  Art  in  tbe  allavium  and  in  the  caT- 
erns.  Value  of  palieoQtoIogioal  and  archaeological  classifications  for 
the  qaartenary  epoch.  (4)  Chronological  relations  between  tbe  civil- 
izations of  tbe  stone,  tbe  bronze,  and  tbe  iron  periods.  (5)  Relation 
between  tbe  civilizations  of  Haltstadt  and  obber  Daoabiao  stations  on 
tbe  one  band  and  on  the  other  that  of  Mycence,  Tirhyus,  Hissarlik,  and 
tbe  Caucasus.  (6)  Examinations  of  the  quaternary  sknlls  and  skel- 
eton parts  found  during  the  last  fifteen  years.  Ethnic  elements  belong- 
ing to  tbe  difierent  ages  of  stone,  bronze  and  iron,  in  Central  and  West- 
em  Enrope.  (7)  Ethnographic  survivals  which  can  throw  light  od 
the  condition  of  primitive  peoples  in  Central  and  Western  Europe. 
(8)  How  far  do  the  analogies  of  arclifeology  and  ethnology  authorize 
tbe  hypothesis  of  relationship,  or  that  of  prehistoric  migration. 

Tbe  enormous  advantage  of  having  the  Congress  iu  Paris  during  the 
Exposition  was  apparent  iu  the  large  attendance  and  in  the  frequent 
visits  which  were  made  to  tbe  autbropolQgicat  museum  of  Paris,  and  to 
tbe  many  sections  of  the  Champs  de  Mars,  and  tbe  Esplanade  des 
Invatides  under  the  very  best  of  guidance. 

6.  Tbe  model  workshops  of  anthropologists  is  Ihe  Laboratwre 
d'Anthropologie  in  Paris.  Even  here  the  counting,  weighing,  measur- 
ing of  capacity,  surface,  distance,  and  angulation  is  confined  to  the 
human  body.  Galton's  laboratory  in  London  and  Wundt's  psycbo-pbys- 
ical  establishment  should  be  added,  with  tbe  assistance  of  the  vital 
statistician  and  the  census  director  to  make  the  whole  complete.  Tbe 
system  employed  by  Alpbouse  Bertillon  for  the  measurement  and 
identification  of  criminals  in  tbe  Palais  de  Justice  iu  Paris,  is  beiug 
adopted  in  many  cities  in  our  own  country.  Under  the  names  of  Bene- 
dikt,  Galton,  Hitchcock,  Rollet,  Topinard,  and  Yircbnw  in  our  bibli- 
ography will  be  found  titles  of  publications  on  this  branch  of  anthto- 
pology. 

7.  Kristian  Bahnson,  of  Copenhagen,  has  rendered  a  lasting  benefit 
to  the  student  iu  his  pamphlet  on  ethnographic  museums,  first  pub- 
lished in  Denmark  and  translated  in  the  Mittheilnngeu  der  Anthro- 
pologischen  Gesellschaft,  in  Wien,  Museum  history  is  the  subject 
of  an  elaborate  paper  by  Dr.  Goode,  of  tbe  Smithsonian  Institution. 
Dr.  Bastian,  in  the  transactions  of  the  Berlin  Anthropological  Society, 
writes  on  American  collections.  Reinach,  on  the  museum  of  the  Em- 
peror Augustus,  should  not  be  overlooked. 

The  Peaboily  Museum  in  Cambridge  publishes  oarefblly  prepared 
reports  of  its  explorations  and  accessions  each  year.  New  zeal  and  ac- 
tivity have  characterized  the  management  of  tbe  American  Museum  iu 
New  York,  and  of  the  collections  in  Philadelphia.  In  the  reports  of  the 
National  Museum  in  Washington  will  be  found  detailed  statements  of 
work  done  and  of  the  accessions. 
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Tbe  memorable  event  in  oar  science  was  tbe  Paris  Esposition,  and 
especially  Hint  portion  of  it  called  "Espositiou  retrospective  du  travail 
et  des  sciences  autbropologiques."  Tlie  desigu  of  this  portion  of  tbe 
world's  great  fair  was  to  truce  in  outline  by  means  of  specimeos,  re-pro- 
ductioQS,  aatheotic  documents  and  villages  inliabited  by  native  peo- 
ples, the  steps  of  baman  genius  from  ttieir  first  trace  to  tbe  present 
moment.  Associated  witb  tbis  exbibitiou  of  invention  were  .tbe  speci- 
mens of  man  himself,  shown  in  the  savage  just  as  be  came  from  tbe 
bands  of  nature,  and  in  other  races  as  he  has  improved  witb  time.  Fin- 
ally, the  cabinets  of  skeletons  anil  the  soft  partsof  the  body  in  plaster  and 
papier-much4  were  so  installed  as  to  exhibit  man  associated  withihis 
iuveiitions;  thesknlland  the  brain,  laboratory  of  thought  and  discov- 
ery: the  skeleton  aud  its  contents,  articulated  machine  to  execute  the 
conceptions  of  tbe  central  office. 

A  buildingentitledPalaisdes  Arts  Liberanx  was  devotvd  to  the  serial 
ilinplay  of  the  history  of  invention,  a  large  space  on  the  Esplanade  des 
invalides  was  covered  with  villages  of  Africans  and  natives  of  south- 
eastern Asia.  Tbe  whole  Exposition  was  filled  with  the  climaxes  of 
modero  thought  in  every  land,  the  Champs  de  Mars  was  fringed  with 
structures  which  enabled  tbe  student  to  grasp  in  a  oovp  d'ail  the  his- 
tory and  the  uataral'history  of  architecture. 

Tbe  arrangement  of  objects  embraced  the  following  classes:  (1)  An- 
thropology and  ethnography,  anatomy  and  races  of  mankind.  (2) 
Liberal  arts.  (3)  Arts  and  trades.  (4)  Transportation.  (5)  Military 
arts. 

In  addition  to  tbis,  avery  interesting  conception  was  that  of  showing 
also  the  organized  machinery  for  tbe  study  of  anthropology  in  Paris. 
Totbis  end  tbe  Soci^t^ d'Anthropologie,  the  £cole  d'Anthropologieand 
the  Laboratoired'Antbropologie,  under  tbe  regime  of  public  instruction, 
made  a  display  in  the  Palais  des  Arts  Liberaux.  The  institutions  of 
Paris,  united  more  or  less  for  studying  tbe  natural  history  of  man,  are 
tbe  following: 

(1)  &>ci^fe  (f^ntAr(>po{o^ie,  founded  May  19, 1859,  publishes  bulletins 
and  niemoires-  The  collections  of  the  society  are  styled,  since  1380, 
the  Mus^e  Broca,  and  the  literary  collections,  Bibliotb<M^uo  de  la  8o- 
ciett!  d'AnthropoIogie.  Two  prizes,  the  Godard  and  the  Broca,  furnish 
an  effective  stimulus  to  thorough  work, 

(2)  Laboratoire  d'Anthropoloffie  (ficole  des  bantes  Etudes),  founded 
by  Broca  in  1878.  During  the  period  from  1878  to  1889  the  Labora- 
toire  pnbtished  378  separate  titles. 

(3)  £cole  d'Anthropologie,  tirst  authorized  in  1876.  This  school  is 
an  annual  course  of  lectures  by  the  most  distiognisbed  men  in  France 
upon  the  different  branches  of  anthropolngy. 

The  following  foundations  are  accessory  to  the  three  above  named. 

(1)  Sodite  d'Auiopaie  mutitelle. — In  1876  a  group  of  members  of  the 

Soci^t^  d'Antbropologie  formed  a  fraternity,  the  object  of  which  is  to 
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conduct  a  scientific  autopsy  Dpoa  the  members  as  they  die.  Eacli  one 
signs  a  will  conveying  bis  cadaver  to  the  aofliety,  to  be  used  in  the 
furtherance  of  the  8<;ieuce  to  which  he  has  devoted  himself  while  living. 

(2)  Reunion  Lamarck. — In  18S4,  the  admirers  of  Lamarck  formed  a 
union  for  the  erection  of  a  monameut  to  the  great  naturalist,  and  they 
brought  together  in  the  Exposition  his  works  and  other  testimonials 
of  his  greatness. 

(3)  BiblxolMque  dea  Sciences  Contemporaines.  —  This  is  a  series  of 
works  OD  anthropology  conducted  by  M.  H.  Uovelacqae,  Issaurat,  An- 
dre Lef^vre,  Letourneau,  Mortillet,  Thnlie,  Yeroo.  The  list  as  nov 
made  up  is  as  follows:  (1)  La  Biologie,  by  Charles  Letourneau;  518 
pages,  112  cuts.  (3)  La  Lingoistiqoe,  by  Abel  Hovolacque ;  451  pages. 
(3)  L' Anthropologic,  by  Paul  Topinard ;  576  pages,  52  cuts.  (4)  VEt- 
thetique,  by  Eugene  Veron ;  524  pages.  (5)  La  Pbilosophie,  by  Andre 
Lefevre;  640  pages.  (6)  La  Sociologie,  by  Charles  Letournean;  624 
pages.  (7)  La  Science  Economiqne,  by  Yves  Guyot;  600  pages,  67  fig- 
ures. (8)  Lc  Pr^liistorique,  by  G.  de  Mortillet ;  678  pages,  61  figures. 
(9)  La  Botanique,  by  M.  do  Lnnessau  ;  570  pf^es,  132  figures.  (10)  La 
G6ograptiie  M^dicale,  by  Dr.  A.  Bordier ;  683  pages,  with  figures.  (11) 
La  Politique  exp^rimentale,  by  Leon  Donnat;  504  pages.  (12)  Les 
Problemesde  I'Histotre,  by  PaulMougeolle;  493pages.  (13)  La  PMn- 
gogie,  by  C.  Issaurat;  512  pages.  (14)  L'AgricuIture  et  In  Science 
Agrouomiqiie,  by  Albert  Larbaletrier;  XXIV,  56S  pages.  (15)  La  Phi- 
sicochimie,  by  Dr.  Fanvello ;  xxiv,  512  pages. 

(4)  Dietionnalre  dea  Sciences  AnthropologiqueB. 

8.  As  we  have  frequently  said  in  these  summaries  and  elftwhere, 
the  anthropologist  must  collect  things,  all  possible  knowledge  iibont 
things,  and  be  must  also  imitate  the  architect,  mechanical  engineer,  and 
patent  attorney  in  collecting  working  drawings.  Kow  this  last  he  has 
neglected  until  quite  recently.  The  portfolios  of  Prince  Roland  Bona- 
parte, of  Haydeu,  of  de  Mortillet  and  others,  are  well  known,  hnt  noir 
we  may  have  such  modified  by  the  cheap  processes  of  pbotographic 
pnutiug.  The  aDthro|>ologicaI  gallery  should  also  include  pictures  of 
men  and  things  inaction,  their  physiology,  and  their analomy.  But 
this  part  of  our  sabject  lies  still  cbiefly  in  the  futnre. 

9.  The  segregation  of  anthropological  material  fVom  natural  history 
collections  in  all  the  great  centers  of  intelligence  has  been  almost  im- 
mediately followed  by  the  formation  of  anthropological  libraries.  Tbe 
societies  also  have  their  centers  where  books  are  gathered.  For  in- 
stance, in  Cambridge,  Massachusetts,  the  PealKKly  Museum  has  its  oiru 
library,  and  in  addition  to  that  tbe  keeper  of  the  great  library  in  Har- 
vard Cuiversity  sends  to  tbe  Peabody  Museum  a  duplicate  of  every 
card  in  the  Harvard  Catalogue  which  bears  an  authro|)ological  title. 
This  is  au  excellent  system.  At  Washington,  while  material  is  mure 
abundant,  the  facility  of  finding  a  book  is  not  so  good.  The  material 
is  housed  in  tbe  Capitol  library,  the  Sargeon-General's  library,  the 
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SmithsoniaD  or  Nations)!  Mnseam  library,  ami  tlie  Bureau  of  Etbnol* 
ogy  at  the  Geological  Survey.  Id  Paris,  tlie  Soci^tii  d'Autbiopologie, 
the  Rcole,  and  the  Laboratoii-e  all  have  their  books  together  ia  oue 
room,  but  these  are  far  from  exhaustiug  the  resourceB  of  that  great 
city.  lu  Copenhagen  the  royal  librarian  turns  over  the  books  on 
varions  specialities  to  the  department  most  interested.  The  precise 
method  followed  iu  Berlin,  London,  Dresden,  Leipsic,  and  other  great 
centers  is  not  known,  bat  the  Peabndy  plan  ia  far  the  best,  of  exchang- 
ing cards,  when  the  books  are  not  in  dnplicate. 

In  addition  to  the  listB  here  given  the  student  should  carefully  study 
the  appendices  to  the  American  Anthropologist,  Archiv  lUr  Authro- 
pologie,  Mittbeilungen  der  Anthropologischen  Gesellschaft  in  Wien; 
and  for  biological  topics,  the  Indes  Medicus  and  Surgeon-General's 
Calalogae.  All  the  publications  of  the  United  States  Government  are 
given  in  Hickox's  Guide. 

10.  Among  the  books  of  instmction  to  collectorsof  anthropological  in- 
formatioD  no  one  has  had  greater  popularity  or  done  more  good  than  the 
little  guide  published  by  tbe  British  Association  for  the  Advancement 
of  Science.  Afterseveralyearsof  well  earned  pmisiMt  appears  in  a  new 
dress,  with  such  corrections  as  time  and  experience  have  suggested. 
The  general  tone  of  all  such  manuals  is  toward  more  rigid  and  mniti* 
plied  observations.  Professor  Goode's  epigram,  that  "  a  good  museum 
specimen  is  an  esbaustiveand  truthfiil  label  illustrated  by  an  object"  is 
appreciated  in  all  lists  of  questions.  The  material  history  of  man  must 
be  studied  by  natural  historymethods,  and  as  these  methods  improve, 
the  science  will  need  to  re-write  its  question  books. 

II.— BIOLOGICAL  ANTHROPOLOGY. 

Biological  anthropology  in  a  restricted  and  scientific  sense  is  what  is 
learned  about  man  by  the  biologist  iu  his  laboratory  and  in  the  use  of 
bis  instrumentalities  of  research.  The  psychologist,  tbe  linguist,  the 
ethnologist,  the  ethnographer,  tbe  sociologist,  have  all  need  of  this 
man's  aid,  bnt  it  would  be  entirely  contrary  to  the  use  of  wonis  to 
declare  that  the  first  named  investigators  were  biologists  only. 

No  better  way  can  be  devised  of  showing  bow  the  body  in  health  and 
disease  has  been  invadetl  by  this  must  zealohs  class  of  workers  than  a 
liat  of  the  principal  publications  for  a  year.  And  this  is  here  appendetl 
as  astndy  in  the  scope  of  biological  anthro[>ology  : 

Bodily  efficiency,  Galton:  Body  proportion  in  Bavaria,  Itanke, 
Beiscb:  Brachydactylie,  D^rode:  Brnina,  Dercum:  Caudal  appendage 
in  man,  Babaud :  Cephalic  index  iu  Provence,  Fallot :  Cephalometry  of 
negroes,  Virchow:  Chest  measure,  Maschkovski:  Color,  io  France, 
Topinard:  Color  of  the  eyes  and  hair,  Topinard :  Consanguinity  and 
idiocy,  etc.,  Bournevillo  and  Coarbarien:  Consumption  among  tbe 
Bionx,  Treon;  Contortionists,  anatomy  of,  Dwigbt:  Crania  of  Canstadt, 
Neanderthal,  and  Olmo,  D'Acy:   Crania  from  East  Africa,  Virchow: 
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Craniometry  ami  ceplialometry,  Benedikt:  Crauiometric  apparatus, 
Koeler:  Graiiiometry,  Vircbow;  GretiaiBiu,  Aruozau:  Darnipum, 
Wallace:  Deaf  mateit,  Riccardi:  Deformation  of  cliildren,  Porter: 
Degeneration  by  marriage  of  kin,  Coleman:  Dental  irregularities  of 
Indians,  Townseud:  Descent  and  disease,  Eccles:  Tbe  ear  in  autbro- 
iwlogy,  Gradenigo  Tulia:  EvolatioD,  Cope;  Dewar;  (rirard:  Evolu- 
tion and  the  striictare  of  tbe  liaman  Iwdy,  Heger:  Fuetal  me^sare- 
mentfi  and  eex,  Davis:  Tbe  buman  foot,  fjllis:  Goitre,  ita  etiology  and 
distrilMition,  Gapns:  Tbe  band  in  tbe  animal  series,  Topiuard;  Vircbow: 
Headgrowtb  in  Cambridge  students,  Galtou:  Hereditary  transmissiuos, 
Goodall;  Hoke:  Heredity,  Galton;  Hobngren;  Warficid;  Weismann: 
Heredity  and  alcobolism,  Ingrain:  Heredity  and  atavism,  Nicolucci: 
Heredity  and  disease.  Litbgow:  Heredity,  physiological  and  psycho- 
logical, Dolan:  Herinapbrodites,  Barnes;  Deniker:  Human  degeneracy,  ' 
Sergi:  Human  variety,  Oaltou:  Hyoid  bone,  anthropological  value, 
Wortmanu:  Inca  bone,  Matthews:  Inferiority  of  tbe  left  aide  of  tbe 
body,  Duchenne:  Inheritance,  Galtou:  Inberitance  of  injuries,  Weis- 
mann :  Irregularities  of  teeth  in  normal  and  abnormal  persons,  Tallwt: 
Left-leggedness,  Owen:  Macroblans  in  Greece,  Ornsteiu;  Marriage 
and  descent,  Tylor:  Marriage  and  heredity,  Kisbet:  Measurements  of 
soldiers,  Banlin:  Microcephaly,  Anton:  Mongolian  eye,  Drews:  Mar- 
tality  of  soldiers  in  French  .colonies,  Lagneau:  Katality  in  France, 
Saporta:  Orieutatiou  of  crania,  Benedikt:  Osteology  of  the  Veddabs, 
ThomsoQ :  Parturition,  normal  posture  in.  King:  Pelvis,  Unssian  female, 
Riinge:  Periodicity  in  weight — growth  in  children,  Zacharlas:  Pbysii-ai 
development,  Ilambleton:  Physical  development  of  children,  Gmtzi- 
anoff:  Polydnctyly  iu  horses,  Von  Mojsisovics:  Prolongation  of  bnman 
life,  Hammond :  Proportions  of  the  human  body,  Bertillon :  Proi>ortioii8 
of  the  bo<ly  in  Europeans,  Tojiinard:  Skin  of  Europeans  and  Malays, 
Glogner :  Spinal  curvature  iu  Australians,  Cnuningbam  :  Stature,  Fruh- 
lich:  Steatopygia,  Gillet  de  Graudmont;  Topiuard:  Supernumerary 
auricles,  Morgtm:  Supernumerary  mamma;,  Sutton:  Surdmntisni, 
Biccardi:  Syndactyly,  Bauni;  Robin:  Transformism,  Vircbow :  Use 
and  modilications  of  organisms,  Ryder. 

III.— PSYCHOLOGY. 

The  best  work  done  in  the  Held  of  physiological  psychology  finds  an 
efficient  reporter  iu  our  own  language  through  the  pages  of  tbe  Anieii- 
can  Journal  of  Psychology.  The  removal  of  Prof,  Stanley  Hall  from 
Baltimore  to  Worcester  meant  only  a  more  vigorous  prosecution  of  the 
laboratory  work. 

Astronomers  will  be  glad  to  follow  up  tbe  researches  of  Dr.  Stanford 
respecting  what  they  call  personal  equation.  In  four  papers  filling 
nearly  two  hundred  pages,  Dr.  W.H.Bunibam  narrates  first  the  history 
of  theories  concerning  memory.  He  says,  "The  continued  Platonic  and 
Aristotelian  iuflueuces  may  still  be  noticed  in  these /motlerui  ^eories, 
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the  former  appearing  in  the  transceodeDtal  conception  of  memory, 
which  has  been  tanght  by  the  Genoau  idealists,  and  appeared  in  motl- 
ified  form  in  the  Scottioh  school,  and  later  its  ablest  champion  in  Lotze ; 
the  latter  appearing  more  or  less  in  the  empirical  conceptions  of  the 
Associationiats,  Herbartian,  as  well  as  English,  and  in  modern  physical 
theories.  Finally  it  must  be  plain  Uiat  whatever  bo  the  relative  merits 
of  the  idealistic  and  the  physiological  theories  of  memory,  the  fact^  of 
introspection  have  been  pretty  thoroughly  worked  over  in  the  con- 
tinued discussions  of  memory  from  the  days  of  Plato  and  Aristotle 
down  to  the  last  German  student  who  has  contributea  a  theses  Zur 
Theorie  der  Beproduction.  After  our  historical  orientation,  the  quar- 
ter of  the  horizon  that  looks  most  promising  is  in  the  direction  of  empir- 
ical study."  The  progress  of  empirical  research  is  tbea  comprehensively 
sketched  by  Dr.  Bumham. 

The  value  of  language  study  in  meotal  discipline  lias  been  questioned 
in  oar  day  as  compared  with  the  pursnit  of  the  natural  sciences.  From 
apnrely  physiological  side  and  in  a  most  ingenious  manner  Dr.  M.  Put- 
nam Jacobi  esatnioes  the  subject.  A  priori,  the  study  of  language  must 
be  an  extension,  more  or  less  complex,  of  the  process  of  acquiring  lau- 
gnage ; — the  highest  physiological  acquisitiou  that  distinguishes  the  bu- 
maurace  I'rom  the  lower  animals.  After  noting  the  portions  of  the  brain 
whose  activities  are  involved  in  so  simple  a  process  as  the  utterance 
of  a  word  so  commonplace  as  "  bread,"  Dr.  Jacobi  says :  "  It  is  plain, 
therefore,  that  to  learn  the  name  of  a  thing  and  to  learn  how  to  use  this 
name,  much  more  mental  action  is  required  than  simply  to  acquire  sense 
perceptions  almut  it.  The  acquisition  of  foreign  languages  in  addition 
to  the  native  tongue  multiplies  the  number  of  verbal  signs  which  the 
mind  habitually  couples  with  visual  impressions.  In  registering  and 
using  these  multiple  signs,  the  mini  is  com|>elled  to  more  complex  oper- 
ations than  when  only  one  sign  is  nsed.  When  in  different  languages 
different  primary  words  or  roots  are  used  to  represent  the  same  object; 
theu  the  mind  using  them  all  becomes  acquainted  with  the  several  as- 
pects of  that  object  which  have  impressed  the  minds  of  those  among 
whom  these  different  names  have  sprung  up.  Thus  a  larger  impression 
of  the  object  isformed,  and  the  mind  of  the  speaker,  which  is  rendered 
more  dexible  and  active  by  engaging  in  more  complex  internal  pro- 
cesses, is  also  enlarged  by  a  richer  store  of  external  impressions.  The 
immense  mental  discipline  to  be  derived  from  the  study  of  the  European 
languages  is  likened  to  the  delicate  manipulation  of  the  fingers  as  com- 
pared with  the  gross  movements  of  arms  and  legs.  The  acquisition  of 
language  develops  the  mental  sphere  in  which  ideal  conceptions  arise, 
combine  with  one  another,  and  generate  endless  successions  of  new 
i^eas.  The  process  of  acquiring  foreign  languages,  in  addition  to  the 
mother  tongue,  modifies  the  original  process,  by  extending,  refining, 
and  complicating  it.  Impressions  are  immensely  multiplied  and  the 
mind  becomes  accustomed  to  take  cognizance  of  such  subtle  diiferentja- 
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tioiis  Ihat  ito  delicHcy  of  pprcuptioii  is  indcQuitely  increasetl.  The  ca- 
l»icit.v  to  :i)>iireciate  stititle  diHtinctioiis,  moru  BubUe  tUan  tboae  exist- 
ing in  nature  outside  the  miud,  is  essetitiiU  to  soientifle  work."  Tbe 
whole  essay  of  Dr.  Jacoblahonldljestadiedby  those  who  all  along  have 
felt  the  superiority  of  langnage  study,  but  who  could  not  traaslate  their 
convictions  into  modern  psycho-physical  phraseology. 

The  accumulatioD  of  psychological  literature  has  been  chiefly  in  the 
fields  of  abnormal  psychology,  such  as  liallncinations,  alexia,  amnesia, 
aphasia,  apraxia,  illusioDS,  idiocy,  alooholism,  raelancholia,  and  insauity; 
auimal  psychology,  chjid-niind,  dreams,  experimental  psychology,  hyp- 
notism, memory,  nerve  action  in  health  and  disease,  physiological 
psychology,  psycho-physics  and  reaction  time ;  tlie  senses  and  the  dis- 
orders of  sleep.  There  is  do  doubt  that,  whatever  may  be  one's  ulti- 
mate theory  of  mind,  psychologists,  like  astronomers  and  liiotogists, 
have  often  to  wait  for  the  instrument  maker.  Indeed,  there  seems  for 
that  reason  to  be  no  further  advauec  possible  in  speculative  psychol- 
ogy until  the  iuatrmnental  side  of  the  study  is  improved. 

Centers  of  ideation  in  the  brain,  Hollander.  Das  Morel'scheOhr; 
a  physic  study,  Binder.  Hereditary  degeneracy,  psychic  state  in, 
Magnan.  Instinct,  Fauvelle.  Intellectual  fatigue,  Topinard.  Memory, 
Burnham.  Memory  in  surd  mutes,  Iticcanli.  Mental  faculties  of  an- 
tbropopithecuB,  Bomanes.  Mental  fatigue,  Gallon.  Merycismus, 
ruminatio  humana,  Sievers.  Notion  of  space,  de  la  Rive.  Observations 
of  rude  phenomena,  Laiigley.  Opening  address  Clark  University, 
Hall.  Origin  of  human  faculty,  Itoninnes.  Personal  equation,  San- 
ford.  Physiology  of  aversion,  Mantegaz/.a.  Psychic  time  measure, 
Fricke.  Psychology  of  spiritualism,  Jastrow.  Sense,  problematie 
organs  of,  Lubbock.  Thought,  es|ierimeutal  science  of,  Ardigo.  Notion 
of  space,  Axenfeld. 

IV.— ETHNOLOGY. 

The  classification  of  mankind  by  iiliysical  characters  has  been 
resumed  with  vigor  by  J.  Deniker  (Bui.  Soc.  d'Anthrop.  de  Paris,  ser. 
3,  vol.  XII,  320-330).  From  Liunjens  to  ourday.only  fouror  fiveraces 
or  species  have  been  rccoguizetl  on  jthysical  marks.  Bory  de  Saiot 
Vincent,  Desmonlins,  d'Omalius  d'Halloy,  and  Fr,  Miillev  admit  fifteen 
or  sixteen,  or  perhaps  a  greater  number  of  "races"  or  "S[>ecies,''  but 
they  diB'erentiate  them  by  linguistic  or  sociologic  criteria.  Only  the 
classifications  of  I.  Geoffi-oy  Saint  Hnaire(185S),  and  of  Topinard  (1879), 
reckon  more  numerous  divisious  (eleven  and  sixteen  races)  based 
upon  physical  characters.  In  1885,  TopinanI,  then  in  possession  of 
more  minute  details,  increases  the  number  of  races  to  19. 

The  tables  here  given  were  presented  to  the  Anthropological  Soci- 
ety of  Paris  at  its  sesNion  of  June  G  (1880).  M.  Denikcr  takes  the  gronnd 
that  in  the  divers  peoples,  nations,  hordes,  tribes,  etc.,  which  we  do* 
see  scattered  over  the  earth,  we  have  not  a  clear  group  of  species  as  in 
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zooloo'-  These  are  mixtures  of  eletneuts  the  most  beterogeneons ;  there 
are  no  pure  races  on  the  earth.  In  classifyiug  races  therefore  we  must 
seek  farther  than  among  the  etbaio  groups  for  the  fundamental  units. 
Save  two  or  tliree  peoples,  there  is  not  an  ethnos  on  earth  that  is  not 
the  prodnct  of  mixing  two  or  three  or  several  races,  and  it  is  our  task 
to  discover  the  elemental  races.  The  Urststepin  this  analysis  is  to  dis- 
tinguish the  type»,  by  which  is  meant  ensembles  of  salient  characters 
associated  and  incarnated  in  a  number  of  iudividnals.  Now  these  types 
may  appear  in  more  than  one  area,  pare  or  altered,  belonging  to  jieoples 
which  at  first  glance  seem  to  have  had  no  connection.  Sach  is  the 
Negrito  type,  seen  in  its  purity  among  the  Aetas,  the  Mincopies,  the 
Sakat,  etc.,  and  turns  up  here  and  there  among  the  Melanesians,  the 
Anstraltaus,  the  Malays,  the  Kagas,  the  Dravidians,  etc 

That  which  varies  is  the  proportion  in  which  a  type  entersinto  an  ethnic 
group.  When  it  is  altogether  preponderating,  the  people  are  nearly  a 
pnre  race,  as  the  Bushmen,  Aetas,  Mincopies,  or  Ainos.  The  types  are 
the  units  of  classification  and  the  numerical  preponderance  of  individ- 
uals therein  gives  importance  to  a  type  as  a  constituent  element  in  an 
ethnic  group.  Just  so  far  as  we  are  able  to  go  back  from  type  to  race 
we  can  tell  the  races  which  go  to  make  up  a  people.  M.Ueniker  makes 
out  thirteen  of  these  races,  »  small  number  of  which  are  pure,  the 
others  are  represented  by  varietes,  two  for  the  Ethiopian,  Xanthochroi, 
Indonesians,  and  three  or  more  for  others.  'Sow  these  thirteen  races 
are  evidently  variations  of  a  smaller  number  (perhaps  only  one)  of 
species  of  the  genns  Homo. 

The  tirst  table  diB'erentiates  the  thirteen  races  into  the  thirty  types 
fixed  by  M.  Deniker.  The  first  grroup  corresponds  with  the  Oulotrichesof 
Bory8aintTinceDt(Ulotnchesof  Haeckel),  and  comprehends  Negroos, 
Melanesians,  and  Bushmen.  The  second  groop  comprehends  blacks 
vith  curly  hair,  but  not  woolly,  Negritos,  Australians,  Ethiopians,  and 
corresponds  to  the  Australoids  of  Hnxley.  In  the  third  group,  wavy 
haired  Cancassians,  is  subdivided  according  to  Huxley  into  the  brown, 
Uelanchroi,  and  the  blonde,  Xanthochroi.  The  fourth  grotap  compre- 
lieods  races  with  white,  yellow,  or  yellowish  skins  and  slightly  wavy 
hair,  Uralo- Altaic,  Ainos^Iudonesians.  The  fifth  group,  finally,  includes 
Mongoloids  and  the  Americans. 
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In  the  second  table  M.  Deniker  ingenioosly  shows  by  the  gise  xoA 
location  of  spaces  the  relative  importance  and  relationship  of  races. 


Tabi.k  II.— Bklatiom 


The  sabjoiaed  list  refers  to  titles  iu  the  bibliography  and  will  gnide 
to  the  principal  publications  of  1889. 

Dui-iug  the  winter  of  ISiSO-HIO  Dr.  Daniel  G.  Briutoii  pablisbed  two 
piipers  ill  the  proceedings  of  the  American  Philosophical  Society  main- 
taining that  the  ethnic  affinities  of  the  ancient  Etruscans  lay  in  the 
direction  of  the  Libyans  on  the  North  African  coast.  His  argnmeute 
were  that  the  Etrascans  were  tali,  blonde,  and  dolicho  cephalic,  which 
was  also  the  type  of  the  Libyans  j  that  their  social  life  and  form  uf 
government  was  much  closer  to  African  than  to  Asiatic  models ;  that 
their  own  traditions  unanimously  stated  their  advent  on  Italian  soil  to 
have  been  by  sea  from  the  sonth  ;  and  finally,  that  their  language, 
what  little  we  hnofr  of  it,  seems  to  hare  roots  and  forms,  explainable 
by  the  Libyan  dialects.  This  last  argument  Dr.  Brinton  expanded  at 
tome  length  in  his  second  paper  entitled  "A  Comparison  of  Etruscan 
and  Libyan  Names,"  in  which  he  attempts  to  analyze  a  namber  of 
El  Tuscan  )iersonal  mythological  and  geographic  names  by  the  varioas 
modern  nnd  nncient  Libyan  dialects. 

Gmeral  Worhs. — riiissiflfnii.)ii  of  nices,  Deniker.  Olassiftcation  of 
raceS;  Lombard.  Oonipurative  ethnography,  Forrer.  Crossing  of  raves, 
D„:,iP<.-jM,CoO<^le 
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BoDuafout.  Degeneration  of  races,  Kaarsberg.  Egyptian  classifica- 
tion of  races,  P<K>]e.  Etlinograpbic  parallels,  Andree.  Ethnologic 
stadies,  Ollivier-Beauregard.  Ethnology  and'  anthropology,  Lissauer 
aod  KoUmann.  Origin  of  the  races,  Lamotte.  Postnre,  inflnence  on 
race,  etc.,  Tbompsou.  Pygmy  races,  Flower.  Race  and  evolatiou, 
Fanrelle.  Kace  and  langaage.  Holmes.  Uacial  portraits,  earliest, 
Perrie.    Bace  in  history,  LeBon.    Three  human  subspecies,  Lombard. 

North  America. — American  ludiams,  Heushaw;  McLean.  Arizoaiaus, 
Inca-Done  among  the  ancient,  Matthews.  Aztecs,  Biart;  Sotomayer, 
British  Golnmbia,  Boas;  Br.  Association,  Hale.  Indian  and  Israelite, 
Hallery,  Indians  of  the  District  of  Columbia,  Mooney.  Indians  of 
Siletz  BeservatioD,  Dorsey.  Eskimo,  East  Oreenland  expedition, 
Holm.  Eskimo  of  Hudson  Strait,  Payne.  Eskimo  race  and  language, 
Chamberlain.  Lucayan  Indians,  Brooks.  Melungeons,  Burnett.  Mex- 
ico, Hale.  Suanaimuq  (Nanaimo)  Indians,  Boas.  Onondaga  customs, 
BeaiicLamp.     Yaquis  of  Mexico,  McKenzie. 

South  America. — Botocudos,  Branner.    Brazil,  races  of,  Lomonaco.  - 
Paraguay,   inhabitants  of,  Stewart    Venezuela,  ethnology  of,  Ernst 
Marcano. 

£«r(>pe.— Anglo-Saxons  at  Borne,  Tesoroni.  Basques,  Chareucy. 
Bosnia,  Asboth.  Etruscans,  ethnic  affinities,  Brinton.  Gypsies  iu 
western  Europe,  Bataillard.  Gypsies,  bibliography  of,  Crofton.  Hun- 
garian, Filtoch.  Lapps,  Fuebert  Dumonteil.  Norway  and  its  people, 
Bjorsou.  Itumanian  ethnology,  Pnlszky.  Bnssia,  Ikow;  Leroy  Bean- 
lien.  Slavic  ethnology,  Krauss.  Sweden  in  heathen  times,  Montellns. 
Types  of  population  in  Vienna,  Pels.    Zigeuner,  Weiebach. 

Asia. — Ainos,  hair  and  eyes  of,  Lefevre ;  Tiirob.  Annam  and  Ton- 
kin, Plancbert.  Aryans,  D'Acy ;  Hale-,  Lapouge;  Kendall;  Sayce. 
Babylonian  empire,  races  of,  Bertier.  Caucasus,  authropometry  in, 
Von  Erckert  Ulttites,  Dickerman.  Hyksos,  Tomkins.  India,  ab- 
original trit>es  of,  Driver;  Quarterly  Rev.  CLix.  Israelite  and  Indian, 
Mallery.  Japau,  Dickson,  Jews,  comparative  anthropometry  of, 
Jacobs.  Ostiaks,  Samoyedes,  and  Zirlens,  liabot.  Turkestan,  Bus- 
siau,  Citpiis.     Samoyedes,  Rabot.    Western  Asia,  early  races  of. 

Africa, — Algeria  and  Tuuis,  Ober.  Angolese,  Darues.  Berbers  in 
Harokko,  Qnedenfeldt ;  Rinn.  Bls-^k  races  of  Africa,  Verrier.  Bush- 
men, Cuvier;  Topinard.  Egypt,  ethnographic  types  from,  Thomkins. 
Hottentots,  Deniker.  Masai-land,  Thomson.  Morocco,  Constant; 
Harris;  Martlniere;  Seller;  Thompsou.  Kegroes  of  subequattirial 
Africa,  Hovelacque.    Toruba  country,  Batty. 

Oceanka. — Australia,  Lumhollz.  Borneo;  Daly;  Posewitz.  Caro- 
line Archipelago,  Kubary.  Fiji  Islanders,  Trotter.  Gilbert  Island- 
ers, Parkinson.  Baduwis  iu  Java,  von  Ende.  Hawaiian  Islands, 
Coan,  Malays,  Bassler.  Malay  Archipelago,  Laugen.  New  Caledonian 
crania,  Mniionvricr.  Nnw  Giiiupa,  report.  Report  of  special  *;ouiiuia- 
sion  for  1887  ou  tbe  British   New  Guinea,  ArchuKtl.    Ruv.,   Loud., 

D„:,iP<.-jM,CoO<^lc 


608  PE0GHE88   OF  ANTHBOPOLOGY  IN  1889. 

Ill,  276,  New  Hebrides,  Martine.  Maoris,  Tregear.  Maoris,  While. 
Moa,  liunters  of  New  Zealand,  Mc'Dotinell.  Nicobar  Islanders,  Han. 
PupnaQS,  Hamy.  Papuans,  Schellong.  Crania,  Philippine  Islanders, 
Strnve.  The  Island  of  Reunion,  Blondel.  Solomon  Islands,  Woodfoid. 
Tasmantans,  Ling  Both. 

By  looking  over  the  bibliographic  list  accompanying  this  snmmair  it 
will  be  readily  seen  that  there  are  many  works  of  inestimable  valne  to 
the  ethnologist  which  would  be  indexed  under  other  catch-words.  Mr. 
Galtnu's  paper  on  gold  working  among  the  Peruvians,  and  Mr.  Eina- 
ban's  on  Irish  proverbs,  were  written — the  former  from  a  technical  poiot 
of  view,  the  latter  for  a  folk-lore  journal,,  bnt  the  student  of  the  Pero- 
yians  or  the  Irish  could  omit  neither  their  arts  nor  their  lor&  The  best 
the  summarist  can  do  is  to  base  his  index  on  the  motive  of  the  writer 
with  such  cross  reference  as  he  can  make. 

v.— GLOSSOLOGY. 

The  eighth  international  congress  of  Orientalists  was  held  in  Stock- 
holm and  Uhristiunia  f^om  the  2d  to  the  13th  of  September.  The 
meeting  was  under  the  immediate  patronage  and  presidency  of  His 
MajeHty  King  Oscar.  Never  in  the  history  of  science  have  more 
elaborate  preparations  been  made  for  the  entertainment  of  such  au 
assembly. 

The  congress  wae  composed  of  five  sections,  as  follows:  (1)  Semitic 
and  Islam,  (a)  Languages  and  literatnres  of  Islam,  (b)  Semitic 
languages,  other  than  Arabic;  caueifomi  texts  and  inscriptions.  (2) 
Aryan,  (3)  African,  including  Egyptology.  (4)  Central  Asia  aotl 
the  far  East.    (5)  Malay  and  Polynesia. 

At  the  Paris  Exposition  the  student  of  living  laugnages  did  not  lack 
for  opportunities  to  investigate  the  natives  of  every  part  of  the  globe. 
In  the  separate  exhibits,  colonial  headquarters,  caf^s,  bazaars,  nud, 
above  all,  on  the  Esplanade  des  Invalides,  the  highest  and  the  lowest 
could  be  investigated. 

An  amusing  example  of  the  French  desire  to  exhanst  the  possibilities 
of  a  subject  was  furnished  by  the  placard  posted  in  every  aviiiUble 
space  by  the  proprietors  of  the  Decauville  Railroad.  This  was  a  uarrow 
gauge  tramway  running  t«  all  parts  of  the  Exposition,  and  the  passeuger 
was  warned  in  more  than  twenty  tongues  not  to  ex^rase  his  head  or  bis 
arms  or  his  legs  to  the  trees  along  the  ronte. 

The  volume  of  Paul  Regnand,  on  the  origin  and  philosophy  of  lao- 
guage,  treats  the  subject  purely  from  a  natural  history  point  of  view. 
The  study  is  divided  into  three  parts:  (1)  Exitosition  of  theories  already 
proposed.  (2)  Attempt  at  a  new  theory.  (3)  Future  of  languiigea 
and  linguistic  studies.  Under  the  first  head  are  reviewed,  language  as 
a  revelation,  as  an  instinct,  as  an  invention,  as  having  a  spontam-oiifl 
orit;in.  In  the  second  part  the  evobitiou  of  language  is  consiiler-  A  iu 
in  the  two  lines  of  form  and  sense.     Upon  the  subject  of  the  future  of 
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language,  M.  Begnaud,  from  purely  iiatnral  reasoos,  does  Bot  bold  to 
tbe  possibility  of  a  uoiversal  language. 

To  follow  mioutely  the  literatnre  of  comparative  language,  no  better 
gnide  can  be  fouud  than  Tecbmer^  loternatioDaie  ZeitHclirift  far  Allge- 
meine  Sprachwisseuscbaft,  founded  in  Leipzig  iu  ISS4,  and  now  pub- 
lished in  Heilbronn.  The  editor  commences  iu  the  first  number  of  vol.  IT, 
issued  in  1888,  and  completes  ia  the  second  number,  issued  in  1889,  a 
bibliography  of  language  publications  in  1886.  The  first  ten  pages  are 
devoted  to  journals  and  periodicals,  with  their  contents.  A  liberal 
definition  ia  allowed  to  the  word  language,  so  as  to  include  papers  on 
general  ethnology.  Then  follow  162  pages  of  titles  with  elaborate  digest 
in  fine  print,  one  of  the  most  exhaustive  helps  to  tbe  geueral  student 
To  leave  do  stone  untamed  for  the  reader's  coDvenience,  Dr.  Techmer 
fiiniisbes  at  the  close  a  syllabus  of  the  entire  catalogue,  and  with  each 
ratch-word  the  name  of  tbe  authors  whs  have  written  on  that  subject 
and  the  page  where  his  title  and  review  may  be  found.  Would  space 
permit,  tbe  whole  syllabos  should  be  here  re-produced,  but  the  classifi- 
cation without  the  names  here  printed  will  show  tbe  magnitude  of  the 
scheme: 

Scieuce  of  language  in  general.    History  of  tbe  science  of  language. 

I.  Natural  history  and  langdage:  Belation  of  this  study  to  anthro- 
pology. (L)  Acoustic  methods  of  expression,  including  phonetics, 
iiaatomy,  storing  of  language,  rhythm,  metric;  (2)  optical  and  other 
modes  of  expression ;  (3)  present  condition  of  acoustic  and  optical  ex- 
pression, phonetic  writing,  sound  writing,  shorthand,  orthoepy  and 
orthography,  principals  of  transcription,  nuiveraal  speech,  deaf  mate 
language. 

II.  Psychological  side  of  language  study :  (1)  fielations  to  psychics  j 
(2) roots}  (3)  suffixes,  affixes ;  (4)  words;  (5)  semiology  and  change  of 
meaning;  (6)  analogy;  (7)  etymology;  (8)  psychological  subject  and 
predicate. 

III.  Historical  side  of  language  study:  (1)  Fhylogenetic  develop- 
ment of  speech  ;  (2)  origin  and  prehistoric  development;  (3)  relations 
to  mythology ;  (4)  relation  to  the  science  of  religion ;  (3)  relation  to 
ethnography;  (6)  relation  to  aesthetics;  (T)  historic  development; 
(S)Bcieuce  of  language  and  philology  ;  (9)  paleography;  (10)  conflict 
of  languages ;  (H)  grammar  in  relation  to  logic  and  psychology. 

lY.  Glossography,  or  the  study  of  special  languages :  (a)  languages 
not  Semitic  or  ludo-germaoic  iu  Africa,  America,  Asia,  Euro[>o ;  {b) 
Semitic  languages ;  (c)  Indogennaoiclauguages:  ludic,  Iranic,  Greek, 
latin,  and  its  derivatives,  Keltic,  Slavic,  Lithuanic,  Ueruiauic,  Scandi- 
Davic,  Enghsh,  HoUandic    Ontologic  development  of  a  language. 

In  1888  B.  de  la  Grasserie,  of  Rennes,  published  a  work  on  the  divis- 
ions of  linguistic  study  {Divisions  de  la  Liuguistique,  Maissonneuve 
etCb.  Leclerc  (1888)  Paris),  in  which  he  considers  the  aulyect  under 
three  beads :  (1)  The  study  of  each  language  separately ;  ('i)  tlie  coi 
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pariaoD  of  related  langaages;  (3)  comparison  of  noD-relatetl  langaages. 
The  author  remarks  that  id  botany  or  zoology,  classification  most  be 
foauded  apoit  the  knowledge  of  the  essential  characteristics  of  the  be- 
ings under  inrcstigatiou,  their  true  resemblances  and  their  diSerencee, 
aud  the  degrees  of  importance  among  these  last.  The  origin  and  rela- 
tionship of  each  group  must  then  be  noticed.  In  this  way  a  tiae 
synthesis  of  nature  is  the  result.  Tlie  following  syllabns  is  followed 
by  the  author  in  a  series  of  papers  published  in  Techmet'a  Zeitscbiift: 

I.  Classification  of  allied  languages. 

Title  1.  Partial  and  subjective  classification  (in  abstract):  (A)  Allied 
languages;  ascending,  fixed,  descending;  (B)  related  laiiguages ;  re- 
lated, allied,  isolated ;  (0)  allied  languages,  classed  as  if  not  related. 

March  of  morphological  evolntiou.  (1)  Transition  between  the  three 
systems  of  expressions,  more  or  less  linguistic,  of  thought,  (a)  syntactic 
or  the  order  of  words,  {b)  employment  of  relational  words,  (c)  of  phoaic 
modification.  (2)  Transition  iu  each  of  the  three  systems  between  the 
concrete  and  the  abstract.  (3)  Transition  in  each  of  three  systems 
between  the  subjective  aud  the  objective.  (4)  Transition  iu  eachoftbe 
three  systems  Itetweeii  the  uon-formal  aud  the  formal. 

Title  2:  Classifications,  objective  and  genealogie,  of  allied  languages: 
natural  families:  (1)  ludo-germauic;  (2)  Semitic;  (3)  Uralic;  (4) 
Bantu;  (5)  Dravidian ;  (6)  Malay-polyneoiao ;  (7)  Turkic;  (8)  Algou- 
bin;  (9)  MaudiS;  (10)  Maya;  (U)  Hamitic. 

II.  Classification  of  languages  not  allied. 

Title  1:  Partial  aud  subjective  classification  of  unallied  languages- 
Chapter  1.  Purely  phonetic  classification.  (A)  From  the  point  of  view 
of  the  isolated  word;  (Bj  from  the  point  of  view  of  words  nuited;  (0) 
From  the  point  of  view  of  accent.  Chapter  2.  Classification  purely 
psychological.  Chapter  3.  Classification  morphological.  Section  1. 
Languages  with  imperfect  expression,  psychological  languages.  1. 
Concrete  psychological  languages.  (A)  Kon-formulated.  This  charac- 
teristic exists  in  the  relations,  the  determinations  of  ideas  in  the  saoe 
proposition.     (B)  Formulated. 

(a)  Subjective.  The  concretness  is  thus  giadnat«d.  (1)  From  the 
stand-point  of  necessity ;  (2)  from  the  stand-point  of  comprebensioD ; 
(3)  from  the  stand-point  of  energy ;  (4)  from  the  stand-poiut  pnrely 
material,  or  purely  intellectual,  or  both  combined,  (b)  Objective:  Tbe 
concreteness  is  thus  graduated.  (1)  From  tbe  stand-point  of  necessity; 
(2)  from  the  stand-point  of  comprehension;  (3)  from  tbe  stand-point  of 
energy;  (4)  from  the  stand-point  of  material  or  intellectnal  character, 
or  both  combined  ;  (5)  from  the  stand-point  of  application  which  ismade 
of  this  concreteness  in  tbe  principal  ideas,  or  to  those  of  determination 
or  relation.  2.  Abstract  psychological  languages ;  (A)  analytical  non- 
formutated  languages ;  (B)  analytical  formulated  languages.  Section 
2.  Languages  with  sufiBcient  expression,  either  morphological  langoages, 
or  with  anmeaning  (Tides)  words.    The  languages  with  noo-signifioftot 
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words  are :  (1)  Formulated  or  non-formulated ;  (2)  subjective  or  objec- 
tive; (3)  abstract  or  concrete;  (4)  iDvariableoi- witli  phonetic  varia- 
tions. Sectiou  3.  Languaffcs  wit)i  perfect  exprension,  or  languages  with 
purely  phonetic  expressions,  i.  rrocceding  from  the  modification  of  a 
phonetic  (phooeme)  radicalof  the  full  word  anil  its  principal  applicatioD 
(0  lexicology.  Class  I.  Laiigaagcs  with  subjectire  pbonetic  mutation. 
Class  2.  Languages  with  objeetivo  pbonetic  mutation.  Geuus  1 :  Sys- 
tem of  the  Indo-Germanic  languages:  (a) Umlaut,  {b)  Ablaut,  (c)  phonic 
reduplication.  Genus  2:  SystemttofBamitic,  Nubian,  Celtic  languages. 
Genus  3:  System  of  Semitic  languages.  (A)  Semitic  system,  (a)  Use 
of  the  system  for  determination,  (b)  Use  for  relation,  (c)  Use  for  lexi- 
cology. (B)Systemofdiverselanguages.  2.  Proceeding  from  theaccord 
of  a  phoneme  placed  upon  another  radical.  Class  1.  Languages  with 
subjective,  pbonetic  accord.  Group  1.  Jjangnages  of  the  Bantu  family. 
Groups.  Languages  of  the  north  Caucasus.  Group  3.  Indo-Germanic 
languages.  Class  2.  Languages  with  objeclive,  phouctic  accord. 
(A)  Reproduction  apon  the  dominated  word  of  the  dominant  word. 
(a)  At  the  eud  of  the  dominated  word;  (/>)  at  tbo  bcgiuuing  of  the 
domiaated  word.  (B)  lie- production  ujmn  the  dominated  word  of  the 
end  of  the  dominant  word. 

Title  2 :  Total  classification,  natural  and  objective,  of  non-allied  Ian- 
gnages. 

TI.— TECHKOLOOY. 

In  Berlio,  close  to  the  Ethnological  Museum,  is  the  Knustgewerbe 
Museum.  It  i^  difficult  to  say  wbicli  of  these  is  the  more  interesting. 
In  the  Ethuographic  Museum  Ihc  ruling  concept  is  oLorographie,  but 
also  ethuic.  Each  of  the  vast  rooms  is  designed  to  cover  a  portion  of 
the  earth's  surface  which  shuts  in  a  recognizi'd  body  of  humanity  and 
of  human  arts. 

The  Knustgewerbe  Museum  contaius  much  that  is  like  the  ethno- 
graphic collection,  but  the  reigning  concept  is  tcchnographic  A  trade, 
craft,  art,  profession  is  worked  out  ethnically,  nationally,  historically. 
That  is,  you  are  called  upon  to  stmly  the  natural  hi'itory  of  inventions. 

In  Oxford,  at  South  Kensington,  in  CUiuy,  in  Amsterdam,  indeed  in 
maDy  European  cities,  the  most  intercating  collections  are  tbuaarrauged. 

la  the  literature  of  anthropology,  a  great  number  of  books,  papers 
read  before  societies,  and  articles  in  periodicals,  are  devoted  to  the  trac- 
ing out  of  separate  int^ustries.  It  ia  thus  that  in  the  Kational  Museum 
Mr.  Watkins  traces  the  first  wheel  up  to  the  latest  paper  car-wheel,  or 
Uaptain  Gollina  discloses  the  relation  between  the  bull-boat  of  the 
Tigris  or  the  Missouri  and  our  last  pontoon. 

An  extremely  interesting  example  of  technology  coming  to  the  aid  of 
archaeology  is  Mr.  Edward  B.  Tylor's  cxplanatiou  of  the  mythical  fig- 
ure holding  before  the  tree  of  life  a  cone-shaped  object  in  Assyrian 
Bcnlptnres.     This  object  resembling  a  fir-cone,  the  professor  thinks, 
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is  the  inflorescence  of  the  male  date  palm  as  it  appears  when  heed 
from  its  sbeatb  ready  to  have  its  pollen  dusted  over  the  female  flowen. 
(Academy,  Jane  8.) 

Indeed,  there  is  no  end  to  the  arts  that  are  being  traced  to  tbdr 
simplest  formo  by  the  tecbuograpbic  method.  The  following  list  of 
references  to  the  bibliography  of  this  paper  wilt  indicate  the  variety  of 
each  stadies : 

Anglo-Saxon  industries,  de  Baye.  Antler  hatchets,  Forrer.  Arcbi- 
tectare,  Christian,  Holtzinger.  Art,  Anthropometry  and,  Dahoosset 
Artists,  Roman,  of  the  middle  ages,  Frotbingbam.  Art,  The  deformed 
and  diseased  in,  Chavot.  Boomerang,  The,  Eggers.  Bow,  Com- 
posite, Balfour.  Bracelets,  Serpent-head,  from  Persia,  Folak.  Bronse, 
Urigin  of,  Buthelot.  Caricature,  Beaoregard.  Carrying  industiy, 
Beginnings  of,  Mason.  Cattle  known  to  ancient  Polynesians,  Tregeor. 
Coinage  in  India,  Smith.  Copper  mines  of  Moald-builders,  Levis. 
Cradles  of  the  Aborigines,  Mason.  Grosses,  Ancient,  in  France, 
Jadart.  Debasement  of  Pueblo  art,  Holmes.  Distribution  of  Mono- 
ments,  Peet.  Dog,  The,  Mortillet.  Electrotecbny,  Brackett.  Flint- 
working,  Messikommer.  Food  of  Nevada  Indians,  Witherspoon. 
Food  of  the  Japanese,  Kellner.  Gold  Breastplate,  Peruvian,  Galt«n. 
Gold,  Gaulish,  Oartailbnc.  Cold  work  in  Peru,  Qalton.  Hair-dress- 
ing, Feminine,  archieologic,  LeBlant.  Habitation,  History  of,  Garnier. 
Habitation,  History  of,  Lavenue.  Habitations  of  mankind,  de  Yarigoy. 
Houses  of  the  Kwakintl,  Boas.  Industries  of  Ireland,  McCarthy. 
Keramic  in  Bohemia,  Hoemes.  Land  measures,  Bound.  Magic  lan- 
tern (Schatten spiel),  Turkish,  Von  Luschan.  Manufacture  of  atone  im- 
plements, Fowke.  Manafacture  of  stoue  implements,  Moorhead. 
Metal,  Early  ago  of,  Spain,  Siret.  Metallurgy  of  copper.  Hioe, 
Ancient,  in  Arkansas,  Chapman,  Mining  in  America,  Ancient,  Ap|>y. 
Mining  in  North  America,  Ancient,  Newberry.  Primitive  money, 
Stearns.  Money,  Elk-teeth  for,  Balfour.  Monnd-bnilding,  Cherokee, 
Mooney.  Naval  arcbfeology,  Heuriijae.  Nephrite  and  Jaileite,  Bahn- 
son.  Nephrite  and  Jadeite,  Clarke  and  Merrill.  Pottery,  Lastred, 
Mexican,  Adilis.  Poisoned  arrows  in  Melanesia.  Precious  stonesof 
Norih  America,  Knntz.  Sculpture,  Origin  of  Greek,  Faruell.  Shoe- 
maker,  Nnvajo,  Stephen.  South  American  cnltnre  objects  in  the  Leip 
zig  Museum,  Keiss,  etc  Specialized  forms  of  stone  implements,  Brown. 
Tattooing,  Queen  Chariotte  Islands,  Boas.  Tattooing,  Variot.  Tex- 
tiles, prehistoric,  Baschan.  Terror  in  primitive  art,  Ferrie.  Throwing 
sticks,  Bahnson.  Throwing  knife  of  the  Negroes,  Schurtz.  Time-indi- 
cators, Indian,  Thompson.  Tobacco,  etymology  of  the  word,  Ernst 
Transportation  by  human  beings.  Mason.  Weights  and  Measures, 
Babylonian,  Lehmann.  Weights,  Babylonian,  Long.  Weights,  The 
oldest,  Brugscb.    Woman's  share  in  culture,  Mason. 
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Vrl.-ARCH^OLOGY. 

The  pre-bistoric  statioo  of  Leugyel,  on  tbe  Danube,  witliio  the  estate 
of  Gonnt  Alexander  Apponyi,  in  tbe  comitat  of  Tolna,  Hunfrary,  U 
doabtlesa  tbe  most  remarkable  discovery  of  its  kind  in  Europe  during 
the  year  1S89.  Tbe  station  is  a  forti&ed  encieote,  witbin  which  have 
been  foaud'  several  groups  of  baUitations  and  two  cemeteries.  Among 
the  habitations,  to  the  number  of  about  two  hundred,  some  were  in 
form  of  a  bee-hive  dug  in  the  loess  of  the  Danube  aboat  three  or  four 
meters  deep  and  two  to  three  meters  in  diameter,  and  entered  from  the 
b>p.  Alongsideof  these  dwellings  were  othersmallersonterraius,  whose 
walls  were  formed  of  reeds  aud  bmall  branches  interwoven  and  covered 
with  a  thick  layer  of  clay,  apparently  hardened  by  fire.  In  these  son- 
terrains  were  many  large  jars  similar  to  those  fonnd  by  Schliemann  in 
Troy,  aud  filled  with  different  kinds  of  grain  slightly  parched.  At 
Lengyel  some  of  the  habitations  were  above  tbe  aoil.  Their  founda- 
tions are  not  more  than  a  meter  deep,  and  their  waits  were  formed  of 
wattling.  But  of  tbe  sqperstructnre  little  can  be  said.  Oue  of  the 
cemeteries  belonged  to  tbe  Neolithic  period ;  the  objects  recovered  in 
the  other  bring  it  into  relationship  with  tbe  palafittes  and  terramares, 
or  the  finds  of  the  Yillanova  or  first  Hallstadian  period.  In  the  habita- 
tious  and  cemeteries  over  twelve  thonsand  objects  were  found.  Marquis 
de  Nadaillac  concludes  that  Lengyel  belongs  to  tbe  ancient  Qrteco- 
Asiatic  civiUzation,  and  that  here  we  see  traces  of  one  of  the  immi- 
gnitions  which  hare  exercised  such  a  grand  influence  ou  the  primitive 
populations  of  Earope. 

The  most  origiual  investigations  into  the  Stone  age  made  in  the  United 
States  in  18JJ9,  were  those  of  Mr.  William  H.  Uolme-s,  of  the  Bureau  of 
Ethnology  of  the  Smithsonian  InstitnCion.  at  Finey  Branch,  1  mile 
north  of  Washington  City,  aud  those  of  Prof.  F.  W.  Putnam  in  the 
Little  Miami  Valley,  Ohio.  Tbe  work  of  Mrs.  Holmes  is  described  in 
tlie  January  number  of  tbe  American  Anthropologist  for  1890.  The  fol- 
lowing r^sum^  will  convey  some  idea  of  the  digging: 

A  bill  slopes  by  a  steep  decline  towards  a  running  brook.  Upon  its 
Bides  is  a  dense  growth  of  hard-wood  timber  and  over  its  surface  have 
been  found  for  many  years  the  rudely  chipped  stones  called  "  turtle- 
backs." 

In  the  autumn  of  1889  Mr.  Holmes  carried  a  trench  up  the  sides  of 
the  hill,  going  down  to  bed-rock  all  tbe  way.  At  first  bis  trench  was 
only  a  few  inches  deep,  but  the  depth  increased  to  9  feet  about  SO  feet 
up  tbe  bill-side.  At  every  depth  however  tbe  same  rude  examples 
were  fonnd  as  occurred  on  the  surface,  until  suddenly  tbe  explorer  came 
to  a  Bt«ep  escarpment  of  bowlders  in  hard  clay.  Tbe  mystery  was 
solved.  Mr.  Holmes  bad  unearthed  an  aboriginal  bowlder  quarry,  and 
tbe  thousands  of  stones  wore  the  remnants  of  its  occupation.  Two 
qoestions  are  propoanded  by  this  discovery :  the  first  is  with  reference 
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to  tlie  antiquity  of  tlie  workshop,  tbe  other  to  tlio  faDctiOQ  of  the  stone 
relics.  Mr,  Holmes  ioolioes  to  the  view  that  tli*'y  are  all  refoae,  the 
I'cinains  of  ansuccfssfal  attempts  to  maUe  implements,  and  that  the 
place  is  not  very  ancieat.  In  this  view  lie  is  not  followed  by  all  hit 
colleagnes. 

In  the  latter  part  of  September,  13S9,  Mr.  Charles  Francis  Adams, 
president  of  the  Union  Paciflc  Itailroa^l,  announced  tlie  finding  of  a 
clay  image  dnrini;  the  boring  of  an  artesian  well  at  Nampa,  Idalio,  a 
station  on  tbe  Oregou  Short  Line  Uailroad,  20  miles  from  Bois^  City, 
about  half  way  between  Bois^  City  and  Smoke  Biver,  being  7  miles 
fVom  the  former  and  13  miles  from  the  latter.  This  region  is  covered 
with  deposits  of  lava  rock  belonging  to  late  Tertiary  or  Qaatemuy 
times. 

Beneath  these  lava  deposits  in  California  occur  macb  gold-bearing 
gravel,  and  it  was  therein  that  Professor  Whitney  found  the  Calaveras 
skull. 

The  finding  is  thus  described  by  Professor  Wrigbt:  In  boring  tbe 
well,  tbe  surface  soil  was  penetrated  60  feet  to  the  lava  rock,  which 
was  found  to  be  20  feet  thick.  Below  this  for  200  feet  were  alternate 
beds  of  quicksand  and  clay  ;  then  coarse  sand  was  struck  from  which 
the  image  came  up.  Below  this  was  vegetable  soil  and  then  sand  rock. 
The  image  therefore  lay  buried  to  the  depth  of  alwut  300  feet  beneath 
deposits  which  had  accumulated  in  a  lake  formed  by  some  ancient  ob- 
struction of  tbe  Snake  Biver  Valley,  and  over  this  accomnlation  there 
had  been  an  ontfiow  of  lava  suEBcient  to  cover  the  whole  and  seal  it  np. 
The  image  is  carved  out  of  soft  pumice-stone  and  has  a  coattng  of  red 
oxide  of  iron. 

The  subjoined  list  comprises  the  principal  publications  of  tbe  year 
in  tuis  department: 

Ancient  stone  implements,  India,  Ball.  Ancient  vUlage  sites  in  the 
District  of  Columbia,  ProudBt.  Antiquities  of  Chili,  Beed.  Antiqai- 
tiesofman  in  America,  Abbott  Arch  seology,  Powell.  Arcbieological 
glossary  of  the  Middle  age  and  of  the  Itenaissance,  Gay.  Archeology 
iu  Europe,  Cotteau.  Archaeology  of  Alabama,  Holmes.  Arcbjeology 
of  Canada,  Boyle.  Archieology  of  Finisteire,  Du  Chatelier.  Archie- 
ology,  Mexico,  Seler.  Archieology,  Nicaragua,  Bovallins.  Archjcology 
of  North  America,  Haynes.  Archaeology  of  Ohio,  Bead.  Archieology 
of  France,  Mas  d'Azil,  Dresch.  Arcbieoldgy  of  Servia,  Eanitz.  Arch- 
ieology of  Venezuela,  Ernst.  Bronzes  discovered  in  Crete,  Frothingfaam. 
Burial  mounds,  Tliomns.  Byzantine  archieology,  Diehl.  Caches  of  flint 
implemeut,  Smith.  Chronology  of  the  human  period,  Davi>4.  Gup-stones 
in  Perthshire,  Qow.  Egyptian  archieology,  Biaspero.  Egypt  in  time  of 
Pharaohs,  Loret.  Erablematio  monnds,  Peet.  Fort  Ancient,  Ohio, 
Moorehead.  Geologic  antecedents  of  man  iu  Potomac  Valley,  MoGee. 
Greek  archieology,  Smith.  Guatemala  scnlptnres,  Bastian.  Hallstatt 
in  Austria,  its  civilization,  Hoernes.    Haman  remains   in  ,  England. 
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fieddoe.  Haman  remains  from  Goardan,  Fraoce,  Hamy.  Ice  age  in 
North  America,  Wright.  Celtic  and  Ganlisb  arubseology,  Bertrand. 
Lacnstrian  and  palostriaa  villages,  Oatitelfranco.  Megalitbic  mooa- 
ments,  Gaillard.  Moond  explorations  in  Iowa,  Harrison.  Mound  ex- 
plorations, Iowa,  Starr.  Mounds  in  Missonri,  Blankiugliip.  Neolithic 
Iteriod  in  Chareute,  Chanvet.  Nicaragua  foot-prints,  Peet.  Uriental 
arcbieology,  Glermont-Gaiineaa.  Pala^olitliic  man  in  America,  McGee. 
Palfeolithic  period  in  tbe  District  of  Columbia,  Wilson.  Pile  structares 
in  Yeoezaela,  Forrer.  Pleistocene  Obsidian  implement  from  tbe,  Mo- 
Qee.  Pottery  of  tbe  Potomac  tide-water,  Holmes.  Prebistoric  arcb- 
leology  tu  Bnrope,  Cotteaa.  Prebistoric  France,  CartUailac.  Prehis- 
toric man  in  America,  Powell.  Prehistoric  Scandinavia,  Undset.  Pre- 
historic Sicily,  Stillmann.  Prebistoric  station  in  Cochin,  Cbina,  Holbe. 
The  race  of  LagoaSanta,  Brazil,  Hansen.  Reindeer  period  id  Vczere, 
etc,  Oirod.  Relics  from  central  New  York,  Beauchamp.  Roman  re- 
mains iu  Carniola,  Haverfield.  Rome,  in  the  light  of  modern  dis- 
coveries, Iiauciani.  Rude  stone  mounments  east  of  Jordan,  Cooder. 
Bnde  stone  monuments  of  Ireland,  Bradley.  Ruins  in  Cambodia, 
FoDmireaii.  Kuseiaii  arcbieological  congress,  Stieda.  Shell  mounds 
of  tbe  Potomac,  Reynolds.  Stone  age  in  Italy,  CastelfVaDCO.  Stone 
age  in  Sweden,  Lanabee.  Stouebenge,  Evans.  Stone  monnments  in 
Dakota,  Lewis.    Tertiary  mau,  Arcelin.    Viking  age,  Dn  Chailln. 

Vlir.— SOCIOLOGY. 

The  firm  hold  which  tbe  methods  of  naturnl  history  have  taken  upon 
sociology  is  exhibited  in  the  review  of  a  threadbare  subject  with  a 
reversal  of  public jndgment.  The  efforts  of  Lord  Kiugsborough,  Adair, 
and  others  to  prove  that  tbe  North  American  Indians  were  the  lost 
tribes  of  Israel  brought  discredit  upon  thuir  statements  about,  the 
Indians.  Colonel  Mallery,  as  vice-president  of  the  American  Associa- 
tion in  Toronto,  reviewed  the  subject,  reaffirmed  the  statements  about 
both  Indians  ami  Israelites,  and  then  proceeded  to  show  that  the  simi- 
larities between  the  two  peoples  could  be  accounted  for  by  a  well-known 
principlein  ethnology  without  assuming  either  consangninity  or  contact. 
The  British  Association  for  the  Advancement  of  Science  did  an  excel- 
lent thing  in  appointing  a  commission  to  stndy  the  Indians  of  Canad;i. 
Dr.  Boas  has  reported  extensively  upon  tbe  social  life  of  the  coast 
Indians  of  British  Columbia,  a  branch  of  ethnologic  science  for  which 
lie  had  specially  qualified  himself. 

Mr.  StuartCulin,  of  Philadelphia,  has  utilized  the  presence  of  a  large 
nnmber  of  Chinese  tbero  to  acquaint  himself  with  some  of  their  social 
customs.  His  studies  in  their  apparatlis  of  gambling  have  been  prose- 
cuted with  extreme  fare,  and  the  result  is  a  senes  of  monographs  of 
great  value. 

The  one  absorbing  topic  among  sociologists  at  present  is  the  caase 
and  prevention  of  crime.    A  congress  of  criminology  was  held  in  Paris 
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daring  tbe  ozpositioD,  Ht  which  gathered  the  most  emtuent  stadents  of 
the  subject.  The  questions  proposed  to  the  congress  were  divided  iDto 
three  sections: 

Section  I,  Criminal  Biologg. — The  latest  discoveries  in  crioiinal  m- 
thropolog;,  C^sar  Loinbroso  and  L.  TeDchiui,  Anatomical  characteris- 
tics of  criminals,  Dr.  Manouvrier.  Rnles  for  anChropoinetric  aod  pKy- 
cbological  researches  in  prisons  and  insane  asjlums,  Prof.  SciamaDua 
and  Virgil  Bossi.  Conditions  determining  crime  and  their  relative 
value,  E.  Ferri.  Infancy  of  criminals  in  relation  to  natural  pro-disposi- 
tion to  crime,  Romeo  Tavemi.  Organs  and  fnocCioas  of  sense  amwig 
criminala.  Dr.  L.  Frigerio  and  Dr.  Ottolenghi. 

Section  2,  Criminal  Sociology. — Determination  of  the  class  of  deUn- 
qucnts  to  which  a  criminal  belongs,  B.  Girofalo.  Conditional  liberatioD, 
Dr.  Setual.  Criminality  in  relation  to  the  ethnography,  Dr.  Alvam 
Taladriz.  Ancient  and  modem  foundations  of  moral  responsibility, 
M.  Tarde.  Criminal  process  from  a  sociologic  point  of  view,  G.  A. 
Pugliese.  Anthropology  from  thestand-pointof  its  judical  application 
to  legislation  and  to  questions  of  civil  right,  M.  Fioretti.  Tbe  cellular 
system  from  the  stand-point  of  biology  and  criminal  sociology,  von 
Haramels. 

Section  3,  Questions  on  which  no  reports  or  expositiotu  uvre  made.r— 
-Atavism  among  criminals,  Dr.  Bordier.  Tbe  place  of  this  stody  ia 
anthropology,  Dr.  Manouvrier,  Instruction  in  medico-legal  stadies  in 
the  faculties  of  law,  Prof.  Lacassague.  Anthropometry  and  deecriptioB 
of  criminals  from  fifteen  to  twenty  years  of  age,  Alphonso  Bertelloa. 
Bow  to  make  the  instmctions  of  criminal  anthropology  serviceable  to 
tbe  police,  MM.  Anfosso  and  Bometi.  Correctional  education.  Dr.  Motet> 
Moral  and  rnliug  perversions  of  children,  Dr.  Magnan.  'Mental  degen- 
eracy and  simulation  of  idiocy.  Dr.  Paul  Qarnier.  Inflaence  of  tbe 
professions  on  criminality,  Heuri  Contagoe.  Degenerate  and  biological 
auomaiies  in  women  and  girls,  Drs.  Belmondo  and  A.  Marro.  Vegeta- 
tive functions  iu  criminals  and  defective  persons,  Drs.  Ottolengbi  and 
Bivono.  Causes  and  remedies  of  murder,  MM,  Barzilai  and  V,  Rossi. 
Political  applications  of  crimicat  sociology,  Pierre  Sarrante.  Criminal 
anthropology  iu  ancient  Egyptian  society,  Ollivier  Beauregard.  Crimi- 
nal anthropology  in  relation  to  sociology,  A.  de  Bella.  Moral  and 
criminal  responsibility  of  snrd-mutes,M.Giampietro.  Belation  of  crimi- 
nal anthropology  with  legal  medicine,  Dr.  Succarelli.  Penal  law,  ita 
eflects  and  methods  from  tbe  point  of  view  of  anthropology,  Vittorio 
Ollivieri.  Criminal  ^sociology,  Dr,  Calajani,  Contagion  of  murder. 
Dr.  Aubry,  Political  assassins  iu  history  and  in  the  present.  Dr.  Uegia. 
The  rAIe  of  woman  in  the  etiology  of  crime,  Guiseppe  d'Aguanno. 
Medico-psychological  observations  on  Bussian  criminals,  J.  Orclianski, 

Dr.  A.  B.  Meyer,  of  Dresden,  has  rendered  a  generous  service  to  the 
history  of  ceremony  iu  bis  sumptuous  quarto,  number  tu,  of  tbe  publi- 
cation of  Kouigliches  etboographisches  Museum  za  Dresden,  apon  the 
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masks  of  New  Guioea  smd  th«  Bismarck  Archipelago.  Tbe  aatlior  re- 
fers to  Andree's  work  (Arch.  f.  Anthrop.  XTi,  1S86,  477,  and  Etbao- 
graphiscbe  parallein,  N.  F.,  1889,  100) ;  to  Dall's  paper  (3d.  Kep.,  Bar. 
EthDoI.,  1884,  67),  aiid  to  the  Berlin  Museum  publioatioa,  Auerika's 
Nordwestknste  (1883, 1884).  Fifteen  plat«s  accompauy  the  text,  done 
in  heliotype  process,  the  most  excellent  way  of  saving  the  peculiar  grain 
of  the  material. 

The  leading  publications  of  the  year  relating  to  sociology  are  as  fol- 
lows: 

A  history  of  tbeancient  working  people,  Ward.  Acconchement  among 
Clallam  Indians,  Bissell.  Anthropophagy,  Zabarowski.  Bilqula,  mar- 
riage,Boas.  Brainof  amacricide,  Hotzen.  Brainof  an  Amackrunner, 
Zackerkandl.  Brains  of  criminals,  Fallot.  Camping  circles,  Sionan 
order  in,  Dorsey.  Castle-life  iu  Middle  Ages,  BlashOeld.  Children's 
gamea,  Dorselshne,  Udal.  Chinese  chess,  Volpicelli.  Chinese  games 
with  dice,  Gnlin.  Chinese  marriage  customs,  Fielde.  Class  system  of 
Aaatralians,  Howitt.  Coosaoguineons  marriage,  Oakley.  Crime,  Morris. 
Crime  and  accident  in  Edward  First's  time,  Bye.  Crime,  its  phys- 
iology and  pathogeneses,  Morris.  Criminal  anthropology,  Belmondo. 
Criminal  anthropology,  Lonibroso.  Criminal  characteristics,  Hansen- 
Criminal  characteristics,  v.  Holder.  Criminal  ethnography,  crime  in 
Creole  coantriee,  Corre.  Criminal  sociology,  Colajanni.  Criminality, 
Morrison.  Criminality  and  occupation,  Coutagne.  Criminals,  Kuecht. 
Criminals,  classiBcatioDS  of,  de  Bella.  Criminals,  taste,  hoariness, 
baldness,  wrinkles  of,  compared  with  the  normal,  Ottolenghi.  Defor- 
mation of  the  skull  in  Malecollo^  Flower.  Degeneracy  anil  criminality. 
Fere.  Degeneration  in  criminals,  Kim.  Delinquent  classes,  Ferri. 
Distribution  of  American  totems,  Wake.  Domesday  laud  measures. 
Pell,  The  ear  of  crimiDals,Gradenigo.  Egyptian  cosmetics,  Vfrchow. 
EvolutioD  of  property,  Letourneau.  Gentes  iu  camps,  place  of,  Dorsey. 
Glossary  of  criminal  anthropology,  Rossi.  Families,  number  of  chil- 
dren, Cbewin.  Forms  of  crime.  Field.  Heirship  of  youngest,  Kaffir* 
KichfllsoD.  Holidays,  Gale.  Humanitarianism,  Salt.  Immigration 
aud  crime.  Round.  Israelite  aud  Indian,  Mallery.  Jewish  mortuary 
iDscriptions,  Block.  Kinship  in  Polynesia,  Starcke.  Labor  and  life 
of  the  people.  Booth.  Marriage,  Mnichovski.  Marriage  customs,  New 
Britain  group,  Danks.  Message-sticks  iu  Anstralia,  Howitt.  Mnni- 
cipalgovernmentinGermany,  Baxter.  Mntilatiou,  Oltivier-Beanregard, 
Naming  children,  Seely.  Omahn  mortuary  customs,  La  Flesche.  Popn- 
lation  of  Europe,  primitive,  Nadaillac.  Farsee  burial,  Buckland.  Par- 
tition of  Africa,  Debize.  Pathogeny  of  vice,  Lydst^n.  Peasant  life  in 
Boumania,  Sylva.  Pedagogics,  Bell.  Penance,  survival  of,  Bowartb. 
Peons  of  Mexico,  Crotfut.  I'ersoiial  identification,  Galton.  Physical 
education  in  Russia,  Fokrowski.  Place  of  Gentes  in  Sionan  camps, 
Dorsey.  Playing  cards,  Chelon.  Political  power,  its  origin,  a  study 
of  Aiyan,  Janvier.     Polygamy  iu  Turkistao,  Capus.    Precocious  nax- 
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riages,  Ronvi«r.  Prehistoric  trepanation,  Hansen.  Primitire  f^ily, 
Starcke.  Prisons,  art  in,  Laurent.  Protection  and  free-trade,  WatA. 
Punisbmetit,  ethics  of,  Lilly.  Knnning  a  luuck,  Malay,  Hageo.  Bassian 
social  life.  Vogue.  Salutation,  Ling  Rotfa.  Slave,  Tbe  bistory  of  a,  John- 
ston. Slavera,  Arab,  American  Escbauge.  Sociability  and  traDsfbnn- 
ism,  de  Broglie.  Social  regnlations  in  Melanesia,  Godrington.  Bocial- 
ism,  Kae.  Snffrage  and  it«  niecbanism,  Blodgett.  Tattooing,  etc, 
Joest.  Tenement-bonse  life,  Riis.  Tbief-talk,  Wilde.  AmerioaD  to- 
tems, Wake.  Totem  clans  in  tbe  Old-Testament,  Matthews.  Totemism 
in  Britain,  Gorame.  Town-bfe  as  a  cause  of  degeneracy,  Barron.  Tri 
bal  boundary  marks,  Stephen.  Village  commuuitios,  Gomnie.  Widow- 
hood in  manorial  law,  Gomme.  Woman  among  tbeeoutfa  slaves,  Schn- 
lenburg.  Woman's  place  in  nature,  Allen.  Woman's  position  among 
the  early  Christians,  Donaldson.    Women,  types  of  American,  Boyeeeu. 

IX.-RELIGION  AND  FOLK-LOEE. 

The  folk-Iorists  are  just  encountering  a  difficnity  whicfa  has  con- 
fronted the  arcbfcologists  and  tecbnologists  for  a  number  of  years.  It 
is  this :  How  are  we  to  account  for  tales  and  myths  and  lore  found  io 
lands  distant  by  thousands  of  miles  and  centuries  of  time,  and  yet  so 
similar  in  dramatis  persooEe  and  incidents.  Leaving  out  of  view  the 
nature  theories  of  Miiller,  Cox,  and  de  Gnbernatis  as  at  present  nnpop- 
ular,  we  have  two  extremely  active  candidates  for  our  acceptance  in 
the  opinions  of  Lang  and  his  colleagues  on  one  side  and  Beufey  ou  tbe 
other  side.  Tbe  views  of  Andrew  Lang  and  of  Mr.  Tylor  are  that  Eimi- 
lar  stimuli  acting  upon  similar  stages  of  culture  and  similar  conditions 
produce  similar  results.  Tbe  idea  of  Benfey  ia  that  many  resembhinoea 
are  too  close  to  be  acnideutal,  and  can  be  accounted  for  only  by  what 
Major  Powell  calls  acculturation.  The  conflict  is  therefore  f^rly  od, 
with  the  ablest  of  opponents  on  either  side. 

The  first  annual  meeting  of  tlie  American  Folk-Lore  Society  was  held 
in  Philadelphia,  November  28  and  29,  in  the  halls  of  the  University  of 
Pennsylvania.  Dr.  Daniel  G.  Brinton  presided  and  Mr.  Horace  Far 
uess  pronounced  the  address  of  welcome.  A  resolution  was  passed 
recommending  a  more  extensive  publication  than  the  Journal  of  Ameri- 
can Folk-Lore.  The  council  was  also  instructed  to  provide  a  question- 
uaire  or  guide  to  the  collection  of  Folk-Lore,  to  be  circulated  iu  patn- 
pblct  form.  The  meeting  was  made  a  very  happy  one  by  tbe  conrteeics 
of  the  authorities  of  the  University  and  of  tbe  people  of  Philadelpliia. 
The  following  papers  were  read: 

Additional  collection  a  pre-requisite  to  correct  theory  in  Folk-Lore 
and  Mythology,  W.  W.  Newell.  Chinese  secret  societies  iu  the  Dniteii 
States,  Stewart  Oulin.  Superstitions  connected  with  hnman  saliva. 
G.  L.  Kittridge.  Some  saliva  charms,  .*lrs.  Fanny  D,  Beyen.  Primi- 
tive man  in  modern  belief,  Henry  Phillips.  Voodooism  in  Missouri, 
Miss  Mary  A.  Owen.    The  Kootenay  Indians,  Itev.E.F.Wil«nj.   Chero- 
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kee  theory  and  practice  of  medicine,  James  Mooney.  Folk-Lore  of  tlie 
bones,  D  G.  BrintOD.  Survivals  of  astrology,  Munroe  B.  Snyder. 
Tentonjc  folk-names  in  America,  Albert  H.  Smyth.  Derivations  of 
folk-tales,  etc,  in  the  Uoited  States,  W.  H,  Babcock.  Louisiana  Folk- 
lore stories,  Alcee  Fortier. 

The  bibliographic  notices  and  references  to  aonrcea  of  information  in 
tbe  Journal  of  American  Folk-Lore,  place  tbe  student  immediately  in 
relation  with  home  and  foreign  literatnre  upon  this  most  popular  branch 
of  anthropology. 

The  first  congress  of  folk-lorists  was  opened  in  Paris  on  the  Wth 
July,  at  the  Trocadero.  The  occasion  of  the  exposition  brought  together 
PreDcb,  Spaniards,  Italians,  Russians,  Poles,  Finns,  Swedes,  English, 
American,  and  Chinese.  The  officers  of  the  congress  were:  President, 
Charles  Ploix ;  vice-presidents,  Bruyere,  de  Kialle,  Leiand,  Dagomanor, 
Nutt,  Prato,  Nyerop,  Tchengkitong;  secretary,  Sebillot.  The  sabse- 
quent  meetings  were  at  the  Mairie  of  the  sixth  arrondissement,  near  St. 
Snlpice.  Tne  qnestion  of  classification,  tabulation,  and  analysis  were 
referred  to  a  committee. 

Tbe  next  congress  will  be  held  in  London,  1891. 

The  Folk- Lore  Society  of  London,  the  most  active  of  all  the  organiza- 
tions devoted  to  this  branch  of  anthropology,  held  its  annual  meeting 
on  Tuesday,  November  26.  Tbe  policy  of  the  society  lias  been  carried 
oat  in  two  directions,  (1)  the  systematic  collection  of  Ihe  remnants  of 
British  Folk-Lore,  and  (2)  tbe  classification  of  general  folk-lore  in  such 
a  shape  that  the  scientific  value  of  each  item  may  be  tested  and  exam- 
ined. 

As  the  Folk-Lore  Jonrnal  in  its  present  Bhayte  did  not  sufficiently  rep- 
resent the  scientific  aims  of  the  society,  it  was  decided  to  issue  tbe 
joomal  ander  a  new  tit'e,  Folk-lore.  The  ArchiBological  Review  will  be 
fiised  into  the  new  publication. 

The  prospectus  gives  a  good  analysis  of  Folk-lore  as  it  is  regarded 
by  tbe  English  Society,  and  is  here  api>ended;  (I)  Original  articles, 
whether  coHeetions  of  facts  or  expositions  of  theory.  (2)  Itepriiite  of 
English  materia],  not  easily  accessible,  and  translations  of  little  read 
languages.  (3)  A  reconl  of  the  progress  of  study  in  folk-lore  and  in 
allied  branches  of  science.  This  record  will  comprise:  {a)  A  bibliog- 
raphy of  English  and  non-Englisli  books  relating  to  folk-lore,  mythol- 
ogy, archaic  and  savage  institutions,  mediieval  romantic  literature, 
archaic  history,  etc.  (6)  Summaries  of  contents  of  folk-lore  periodicals 
and  citation  of  articles  of  interest  to  the  folk-lorist  in  general  period- 
icals, (c)  BeiK>rts  on  well-defined  sections  of  folk-lore,  to  be  issued  at 
stated  times^  brieflj'  summing  up  the  progress  and  results  of  study 
vitbin  each  section  during  the  interval  from  one  report  to  adother, 
each  section  to  be  intrusted  to  a  member  of  the  society,  who  will  make 
himself  responsible  for  the  production  of  tbe  report. 
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The  foUowi  ug  sections  are  plauiied : 

Comparative  mi^tbology.  Celtic  and  Teatonio  tnytii  aod  saga.  In- 
stitations ;  (a)  archaic,  (b)  savage.  Folk-lore  in  its  more  restricted  use: 
(a)  folk-tales  and  cognate  subjects,  (6)  ballads  and  games,  (c)  folk-usages. 
Prehistoric  anthroitology  and  archaic  history.  Oriental  and mediieTa] 
romantic  literature.  (4)  Tabulation  of  folk-tales  and  aaalysis  of  cus- 
toms and  snperstttionB. 

The  impracticability  of  separating  the  study  of  comparative  religion 
from  folk-lore  at  present  is  seen  in  the  titles  given  below,  vbile  in  tte 
common  affairs  of  life  do  less  than  in  the  conduct  of  the  gods  the  sav- 
age and  the  untutored  mind  live  macb  iu  presence  of  a  spirit  world. 
•     The  most  important  of  these  publications  are  the  following : 

Amulets  agaiust  evil  eye,  Tylor.  Arab  amulets,  Pallary.  Arab  l^ 
gend,  Bolton.  Aryan  sun-myths,  Morris.  Ballads  of  London,  Baboocl:. 
Bavarian  folk-moot  iu  sickness,  Hofler  (three  papers).  Blackfoot  sno- 
dance,  McLean.  Bread-lore,  Oregor.  Budha's  alms  dish  and  the  Holy 
Grail,  Nntt.  Celtic  ases  as  amulets,  Corot.  Celtic  myth,  Nntt.  Chero- 
kee legends,  Ten  Kate.  Cherokee  plant-lore,  Mooney.  Comparative 
mythology,  Wliite.  Cosmogony  of  the  Mojave  Indians,  Bonrke.  Count- 
ing out  rhymes,  Indian,  Matthews.  Gross,  svastika,  etc.,  iu  America, 
Brinton.  Death's  messengers,  Morris.  Devil  and  witch  stories,  Oregor. 
Egyptian  "  Ka  "  (spiritual  body),  Edwards.  English  folk-tales  in  Amer- 
ica, weatber-lorc,  and  current  superstitions,  Bergen  and  Newell.  Fairy 
stories,  Oolardeau.  Folk-lore,  African  (the  story  of  creation],  Glodd. 
Folk-lore  of  Bab nma  negroes,  Edwards.  Folk-lore,  Burmese,  St.  John. 
Folk-lore,  Cairene,  Sayce.  Folk-lore  of  Coroa,  Allen.  Fotk-lore,  Euro- 
pean, in  the  United  States,  Ourtin.  Folk-lore,  German,  White  and  Allen. 
Folk-lore,  Huron,  Hale.  Folk-lore,  Irish,  White  and  Allen.  Folk-lore, 
Magyar,  Katoiia.  Folk-lore,  Mexican,  Janvier.  Folk-lore,  New  Eng- 
land, Carrier.  Folk-lore,  New  Hebrides,  Godrington.  Folk-lore,  Qjih- 
wa,  Hoffman.  Folk-lore,  Umaba,  Dorsey.  Folk-lore,  Omaba,  Fletcber. 
Folk-lore,  Orieutal,WhIteand Allen.  Folk-lore,  Pennsylvania GermaDs, 
Hofihiau.  Folk-tore,  Scottish,  White  and  Allen.  Folk-lore,  Scottish, 
Gregor.  Fblk-tales,  Slavonic,  Wratislau.  Folk-lore,  Teton,  Dorsey. 
Folk-iore,Wesford,A.8.G.  Folk-lorelegeud8,Whiteand Allen.  Folk- 
lore, sub  voce.  Folk-medicine  of  Pennsylvania  Germans,  Hoffuiao. 
Gambling  songs,  Navajo,  Matthews.  Gezidees  or  devil  worshippers, 
Bronski.  Harvest  customs,  "Frazer.  House  that  Jack  built,  Brewster. 
Human  sacrifices  iu  Babylonia,  Ward.  Ireland,  holiday  customs  in, 
Mooney.  Irish  proverbs,  Kinuahan.  Kelpie  stories,  Gregor.  Lama 
pantheon,  Pauder.  Legends  of  Aunam  and  Tonkin.  The  lizard  in  the 
ethnology  of  Occauica,  Giglioli.  Louisiana  nursery  tales,  Fortier.  Mo- 
hawk legend,  Chamberlain.  Masks,  New  Guinea,  Meyer.  Myths  and 
eflBgy  mounds,  Peet.  Myth  of  the  robin  red  breast,  Fletcber.  New  fire 
among  the  Iroquois,  Hewitt.  Prehistory  and  Christian  belief,  Nada^ 
iliac.    Priestly  function  among  the  lower  racex,  Bastiau.    Plume  sticks. 
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Indian,  HatthewB.  Popular  sapersUtionSjBereager  Feraad.  Questions 
on  cnstomti,  Frazer.  Raven  myth,  Deans.  Bealism  and  naloralism  in 
poetry  and  art,  Lenoir.  Religion  of  the  Semites,  Smitb.  Rhymes  from 
old  povder  bonis,  Beaachamp.  Sacred  fire  drill  of  Japan,  Hough. 
Satyrs  and  gianta,  Petersen.  Serpent  riug  in  classical  antiquity,  Hoer- 
nes,  Slavic  moon  myths,  Krauss,  Star  names,  Chinese,  Edkins.  Sa- 
[wrstitious  of  Scottish  fisfaeriDeu,  Gutherie.  Swiss  legends,  Murray 
Anoesley.  Tentonic  mythology,  Rydberg.  Thnnder  bird,  Eells.  Tonga 
superstitions,  Roberts.  Traditious  of  Wionebagoes,  Martin.  Yiklug 
age,  da  Chailla.  Voodoo-worship  in  Hayti,  Newell.  Winnebagoea, 
Traditions  of,  Martin. 

Upon  the  endowment  of  the  late  Lord  Gifford  for  a  chair  in  each  of 
the  Scottish  Universities  for  teaching  natural  theology,  defined  to  be 
"  the  knowledge  of  God,  the  Infinite,  the  All,  the  first  and  only  cause, 
the  one  and  Sole  Substance,  the  Sole  Being,  the  Sole  Reality,  and  the 
Sole  Existence,  the  Knowledge  of  His  Nature  and  Attributes,  the 
Knowledge  of  the  Relations  which  men  and  the  whole  universe  bear  to 
Him,  the  Knowledge  of  the  Nature  and  Foundation  of  Ethics  and  Mor- 
als, and  of  all  Obligations  and  Duties  hence  arising,"  Max  Muller  was 
elected  to  fill  the  chair  in  Glasgow  for  the  first  time.  His  lectures  on 
Satural  Religion  upon  this  fonndation  are  now  published  and  form  one 
of  the  important  contributions  of  the  year. 

X.— MAN  AKD  NATUBE. 
The  study  of  the  earth  in  its  relation  to  man  continues  in  two  direc- 
tjons,  the  investigatiou  of  man's  relation  to  geology  and  the  accnmula- 
tion  of  knowledge  concerning  climatology  and  the  earthly  forces  effect- 
ual io  hnman  fecundity,  longevity,  vigor,  health,  etc.  The  most  puz- 
Eliug  enigma  of  the  year  has  been  previously  mentioned,  the  finding  at 
Nampa,  Idaho,  of  an  image  over  300  feet  beneath  the  surface.  There 
is  just  enongh  of  uncertainty  about  this  discovery  to  keep  the  matter 
forever  in  dispute.  A  mnch  more  solid  foundation  for  argnment  is  laid 
in  the  diggings  of  Mr.  Holmes  on  Piuey  Branch,  in  the  District  of  Co- 
lumbia, where  the  ordinates  of  correct  deduction  were  furnished  by  fol- 
lowing the  original  horizontal  stratum  and  by  the  perpendicular  face  of 
the  bowlder  bed. 
A  few  titles  are  herewith  appended  to  show  the  drift  of  investigation: 
Acclimation  at  Panama,  Vernial.  Climate  of  tropical  Africa,  Vir- 
cbov.  Qbicial  period,  Falsan.  Man  and  nature,  theories  transformistes, 
<le  Qtuttrefages.    The  world's  supply  of  fuel,  McGee. 
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THE  LAST  STEPS  IN  THE  GfclNEALOGY  OF  MAN" 


By  Dr.  Paul  Topinabd. 
TnwaUted  by  Waltrk  Hocoh. 


Oar  8cieDC6  does  not  yet  knov  the  precise  ways,  direct  or  indirect, 
by  wbicb  the  present  orders  and  families  have  advanced.  The  poly- 
phyletic  table  of  the  genealogy  of  mammals  that  seems  best  to  repre- 
sent the  present  state  of  the  inqairy,  is  far  from,  having  thn  ideal  sim- 
plicity of  the  monophyletic  tree  of  Hieckel.  The  genealogy  of  the  cete- 
bmted  professor  of  Jena  is  au  admirable  work,  which  has  been  the 
Rtarting  point  tor  numeroas  studies  that  have  rendered  immense  service. 
Bat  he  will  himself  acknowledge  it  to  be  a  preliminary  attempt,  which 
lie  will  certainly  re-consider  someday. 

Tbere  are  certain  truths  worthy  to  be  remembered.  The  first  is  that 
oar  existing  mammalian  orders,  families,  and  genera,  are  the  product  of 
a  loDg  evolatioD  of  successive  traDsfonuations,  and  were  not  in  exist- 
ence before  the  eocene  and  miocene  periods.  At  that  time  also  accord- 
iug  tothepresentteachingof  paleontology,  the  first  placental  mammals 
began  to  be  developed  from  the  marsupials  by  means  of  difiTerentiatioa 
and  multiplication  of  types  which  have  led  to  our  present  forms. 

The  second  truth  is  that  the  progressive  pussage  from  the  marsapial 
fauna  of  that  time  to  the  existing  fauna  did  not  take  place  by  a  siugle 
Heries  of  species  for  each  order,  family,  or  genus,  but  in  all  cases,  where 
science  has  sufficient  evidence,  by  multiple  series  anastomosing,  inter- 
crossing, and  forming  sometimes  a  perfectly  inextricable  network. 

Here  and  there  however,  science  seems  already  to  have  advanced; — 
for  instance,  in  tbe  case  of  the  nngulata,  whose  genealogical  table  has 
been  tolerably  made  out;  the  carnivora,  whose  numerous  origins  have 
been  shown  ;  the  cheiroptera,  and  the  pinnipeds  or  aquatic  carnivora. 
Other  orders  resemble  a  veritable  cross-roads,  as  tbe  insectivora  and 
rodentia. 

For  some  orders  we  have  recorded  only  tbe  probabilities  or  provis- 
ional suppositions  in  regard  to  their  derivation  and  development. 

One  important  branch  leading  to  man,  in  the  doctrine  of  Ha;ckel,  is 
that  of  the  lemnrs  which  follow  the  marsupials,  the  eighteenth  stage 
from  ihe  moners  in  the  genealogy  of  Hajckel. 

'Lectore  delivered  in  March,  1838,  in  tbe  £coIe  il'Anthropolojjle  of  PaitB.  (From 
tbBEtmtd-Antkri>pol>gi*,itnjl^>,1^8;  3  ser.,  vol.  iii,  pp.  29>j-332.} 
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L— LEUUR6. 

The  lemnrH  have  been  classeil  among  the  qaadrumanti  by  Gesfiny 
Saiut  Hilaire,  Onvier,  de  Blainville,  Daveruoy,  and  Milne  Edwards, 
and  among  the  primates  by  LioDiBuB,  Lesson,  Huxley,  and  Broca;  that  is 
to  say,  separated  from  man  in  the  first  case  and  re-uuited  to  him  in  the 
second.  Vogt  and  Hteckel  give  them  the  name  of  pro-simians.  The 
Gennana  call  them  half-apes  (HalbaCfen) ;  the  French  sometimes  tbe 
false-apes.  The  main  question  is,  to  what  extent  are  tbey  apest  Do 
tbey  merit  the  name  of  pro-simians,  and  should  they  figure  among  the 
primates  t 

What  do  we  understand  by  the  primates  t  The  best  definition  seems 
to  be  tbe  following :  The  primates  are  uou-aqaatic,  placental  mammalu 
(which  exclndes  the  cetacea,  sirenia,  and  pinnipeds):  tbey  have  do 
boo&(which  excludes  the  ungnlata  and  proboscidea) ;  tliey  bavetbne 
kinds  of  teoth  (which  sets  aside  the  rodentia  and  edentata),  and  theii 
molars  are  not  in  sharp  and  catting  ridges,  or  with  sharp  and  conical 
jtoints  (which  excludes  tbe  caruivora  and  insectivora). 

But  have  they  not  certain  cbaracters  in  common  1  Not  absolntely. 
UTatnralista  omit  in  their  scheme  of  cbaracters  tbe  type  of  cerebral  coo- 
volutions.  The  primateu  have  a  discoidal  placenta,  a  uterus  witii  a 
cavity  not  two-horned,  and  tbe  penis  pendant. 

Passing  over  the  first  two  characters,  tbe  third  is  observed  likewise 
in  the  cheiroptera  or  bats.  The  primates  have  two  pectoral  mamms, 
but  so  have  tbe  cheiroptera  and  sirenia. 

The  teetb  that  everywhere  fiirnislt  characters  of  the  first  order,  rary 
ns  to  nnmber,  form,  and  degree  of  continuity  :  all  we  are  able  to  tny 
hero  is  that  they  are  much  more  specialised,  niucfa  closer  together,  and 
are  above  all,  much  more  fixed  lu  their  general  formula,  as  the  families 
rise  toward  man. 

Under  the  last  head  there  are  fonr  stages  :  tbe  lemurs,  the  monkeys 
of  the  old  world,  the  monkeys  of  the  new  world,  and  man. 

Tbe  nails,  wbicb  among  the  primates  take  the  place  of  claws,  are  one 
of  their  most  important  characteristics.  So  long  as  the  claws  are  honiy 
productions,  compressed  transversely,  more  or  leas  long,  recarved  and 
sharp  pointed,  they  serve  as  organs  of  attack  and  defense ;  aud  in  th« 
hoof  the  horny  growth  curves  in  on  every  side  and  envelops  tbe  liigi- 
tal  extremity  to  hinder  direct  contact  with  the  ground,  and  adapt  it 
exclusively  to  walking.  The  nails  are  borny  growths  flattened  above 
and  below,  growing  straight  and  serving  to  facilitate  prehension  and 
touch.  Their  adaptation  to  that  use  is  more  or  less  perfect  and  applies 
more  or  less  to  the  fingers  of  the  primates;  tbis  allows  us  again  to 
divide  them  into  perfect  primates,  such  as  man  and  tlie  monkeys 
(minus  a  certain  group),  aud  tbe  imperfect  primates. 

Tbe  well  developed  thumb,  separated  from  the  other  fingers  and 
opposalde,  is  a  character  of  adaptation,  the  corollary  of  the  nails.  More 
completely,  it  is  besides  au  organ  for  clamping,  for  seiziug,  and  for 
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touching ;  by  this  the  primates  infty  be  sub-divided  also,  bnt  into  three 
grcups,  Tiz :  Msn,  in  which  the  tbnmb  is  opposable  only  in  the  upper 
extremities ;  the  iuonkeys,  in  which  it  is  opposable  iu  all  of  the  extremi- 
ties, and  the  imperfect  primates  iu  which  the  adaptation  may  be  either 
less  apparent,  or  more  marked,  in  the  lower  extremities  than  in  the 
upper.  Other  characters  coald  be  pointed  out,  for  the  most  part  show- 
ing grades  io  the  ascending  series  of  the  primates ;  bat  the  above  are 
sufficient  for  onr  purpose. 

To  so  consider  the  primates  is  perhaps  to  prejudice  ins  measure  the  re- 
sult sought.  As  eoou  as  oue  introduces  into  the  series  a  progressive  de- 
velopment of  characters,  and  divides  the  primates  into  superior,  medinm, 
and  inferior,  one  is  held  to  be  indulgent  toward  the  characters  which 
appear  to  be  obscure  or  lacking  among  the  lowest.  When  we  admit 
that  the  lower  primates  are  bat  the  commencement  of  the  series,  the 
passage  from  the  other  orders  to  that  of  the  primates  is  but  a  step. 
Bow  the  lemurs  will  supply  us  with  the  greater  part  of  the  imperfect 
primates  to  which  we  have  alluded. 

The  lemurs  embrace,  or  should  embrace,  three  groups  of  animals: 
the  galeopitheci,  the  cheiromys,  and  the  lemurs  properly  so  called. 

The  galeopitheci,  or  flying  cats  (from  jr''^  o^t  and  ke^xut,  monkey) 
inhabit  the  Sunda,  Molucca,  and  Philippine  i8land&  They  exemplify 
tbe  difficulty  of  fixing  in  our  classification  certain  groups  characterized 
as  paradoxical,  and  for  tbe  reason  that  they  are  groups  of  trausitiou, 
having  the  right  really  to  be  found  in  many  groups.  By  Oken  they 
have  lieen  classed  with  the  rodents,  by  Ctienne  Geoffroy  Saint  Hilaire 
witb  the  camivora,  by  Cnvier  with  tbe  bats,  by  Liuniena,  Broca,  Brehm, 
Huxley  (iu  1862),  and  Vogt,  witb  the  lemurs,  and  by  Huxley  (iu  1872), 
with  the  insectivora. 

That  which  permits  of  their  being  called  lemurs  is  their  general 
appearance  and  their  artwreal  and  nocturnal  habits.  Most  of  their 
characters  however  oppose  it.  They  have  claws  on  all  the  fingers, 
and  the  thumb  is  uot  opposable,  hence  they  are  uot  primates,  not  even 
incipient.  They  possess  tliat  wtaicb  Mr.  Huxley  calls  a  patoffium,  that 
is,  a  fold  of  skin  on  the  sides  of  tbe  body  extending  along  the  outiiide 
of  the  lower  limbs  aud  along  tbe  outside  of  the  upper  limbs,  encircling 
tbe  tail  and  prolonged  between  the  fingers  of  normal  length.  It  is  the 
organ  exliibited  among  the  flying  marsupials  called  petaurites,  and 
which  modified  recalls  the  Jurassic  pterosauriaos  on  the  one  hand,  the 
cheiroptera  and  particularly  the  pteropus  on  tbe  other,  without  agree- 
ing among  the  last,  however,  with  the  wing  of  a  bird. 

This  patagium  has  caused  the  galeopitheci  to  be  classed  with  the 
cheiroptera.  That  which  causes  them  to  be  placed  among  the  insect- 
ivora by  Professor  Huxley  is  their  dentition,  the  conformation  of  their 
skull,  and  their  brain.  Iu  short,  we  discard  them  from  the  lemurs  and 
ooosequeutly  from  the  primates. 

The  cheiromys  embraces  but  one  genus,  the  aye-aye  of  Madagascar* 
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It  resembles  a  sqnirrel,  bat  it  itlso  approaches  tfae  monkeys  and  maki. 
It  has  claws  only  ou  the  upper  limbs;  tliethnmb  is  freely  developed  and 
is  Dot  opposable.  In  the  lower  timbs  four  of  tfae  fingers  have  daws; 
the  well-developed  tbnmb  has  a  flat  nail  and  is  opposable.  Its  denti- 
tion is  uurions,  making  it  a  rodent  as  an  adalt,  and  an  insectivore  or 
lemnr  when  an  infant  at  its  first  deutitioa.  Owen,  de  BlainviUe,  Hux- 
ley, Brebni,  and  Vogt  all  place  them  among  the  lemnrs.  It  is  evi- 
dently a  primate  at  its  inception  ;  bat  a  species  as  if  hesitating  whether 
it  sbould  remain  ia  the  primates  or  iu  the  rodents.  The  exposition  of 
M.  Vogt,  on  pages  13  and  77  of  his  "  Mammalia,"  implies  tfaat  ita  origin 
was  in  the  insectivora. 

The  lemurs  proper  are  divided  into  fossil  and  recent  The  former 
appeared  in  the  Eocene,  and  at  that  time  existed  parallel  with  the  mar- 
sopiala,  which  were  theo  in  the  coarse  of  extiaction,  and  the  first  pla- 
cental mammals,  which  were  the  carnivores,  the  rodents,  the  nugulates 
and  the  tnsectivores.  Europe  has  famished  five  genera,  America  more, 
the  most  important  being  the  anaptomorphus,  from  which  Professor 
Cope  derives  man.  The  present  species  may  be  divided  into  three  geo- 
graphical gronps.  The  first  and  the  most  namerons  embraces  the  island 
of  Madagascar,  the  second  that  island  and  Afiica  south  of  the  Sahara. 
The  third  the  island  of  Ceylon,  the  peninsnia  of  Malacca,  the  Moluccas, 
and  the  Philippines.  These  regions  constitute  in  the  theory  of  Haeckel 
the  remains  of  a  vast  austral  coutineot,  which  he  bas  called  Lemnria. 
Among  the  genera  belonging  to  the  group  of  Madagascar  I  cite  the 
maki,  the  indris,  and  the  tarsius ;  in  the  second  groap,  the  galago,  of 
which  a  species  is  found  only  however  in  Madagascar;  and  iu  the  third 
or  oriental  group  tlie  loris. 

The  lemurs  are  arboreal  and  noctarnal  animals,  as  previoosly  said. 
Oken  calls  them  the  nocturnal  monkeys  of  the  Old  World.  They  bave 
four  opposable  thumbs  with  a  single  exception,  the  tarsier,  which  does 
not  have  the  upper  thumbs  opposable,  bnt  only  the  lower  ones.  AW 
their  fingers,  as  a  general  rale,  bave  nails,  save  the  posterior  index, 
which  is  armed  with  a  claw,  or  the  anterior  little  finger  of  the  loris. 
However,  the  nails  are  sometimes  rudimentary  and  as  though  develop- 
ing from  the  claw.  Relative  to  the  teeth  it  is  impossible  to  establish  a 
general  formula.  Tbe  number  varies  from  thirty  to  thirty-six.  For 
example,  the  formula  of  tbirty-two  has  been  given  to  man  and  tbe 
catarrbine  apes;  the  indri  has  thirty,  because  it  lacks  an  upper  p^^ 
molar ;  tbe  tarsier  thirty-tbnr,  because  it  has  a  lower  incisor  less  and 
for  each  jaw  a  premolar  more;  tbe  maki  thirty-six,  because  it  lias  a 
lower  incisor  and  au  upper  premolar  extra  j  tbe  Loris  also  thirty-six, 
because  it  has  an  incisor  and  a  lower  premolar  more.  All  these  con- 
siderations tend  to  establit^h  that  tbe  lemurs  have  not  a  fixed  aud 
homogeneous  type,  but  that  they  constitute  a  transitional  gronp  from 
animals  with  claws  to  animals  with  nails,  and  should  conseqaeutly  be 
regarded  as  tbe  first,  if  not  the  second,  step  (conaideriog  cheiromya  as 
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tbe  first)  in  the  line  of  tbe  bett«r-cbarauterized  moukeys.  Howerer, 
serious  objections  are  raised  against  that  way  of  looking  at  it.  Tbe 
first  is  that  of  Broca.  In  1870,  when  his  celebrated  monograpli  on  tbe 
onler  of  primates  appeared,  my  lamented  master  (Broca)  maintained 
iu  nearly  the  same  terms  as  Huxley  that  tbe  lemurs  are  the  fifth  funily 
of  tbe  order  of  primates,  but  more  separated  from  the  other  families 
tban  any  one  of  those  is  from  one  another. 

Id  1877,  after  a  communication  before  the  9oci6ltJ  d'A.nthropologie,  be 
changed  his  opinion,  and  for  the  folloviug  reason :  Hacckel  based  his 
hifarcate  division  of  placental  mammals  on  tbe  existence  of  extended 
or  limited  placenta  and  the  abaeuce  or  presence  of  a  decidaoaa  mem- 
brane which  detaches  with  tbe  debris  of  the  egg  at  the  time  of  birth. 
Among  tbe  mammals  with  diffuse  and  deciduous  placenta  are  classed 
the  nngnlata  and  cetacea.  Tbe  others  are  sub-divided  iu  their  torn 
into  four  branches,  in  which  the  circumscribed  placenta  presents  itself 
under  different  aspects  redacible  to  two,  one  an  annular  or  zone-like 
insertion,  the  other  a  disk  or  discoidal  insertion.  Tbe  carnivora  and 
proboBcidea  are  examples  of  the  first  mode  of  insertion.  Man,  the  an- 
thropoids, the  ordinary  monkeys,  and  the  lemurs, — that  is  to  say,  all  tbe 
jirimates  are  in  the  second  class.  Now  Brocii  liud  shown  to  the  society 
the  placenta  of  a  lemur,  tho  propiihecug  diadema,\a  which  the  placenta 
was  neither  discoidal  nor  anuulur,  but  is  diffuse,  and  which  had  no  de- 
vidna.  The  lemurs  hence  are  separated  violently  from  the  other  pri- 
mates by  a  character  of  tbe  first  order. 

Vogt  answered  that  we  have  as  yet  examined  bat  fonr  specimens  of 
lemurian  placentas,  aud  that  this  organ  among  tbem  is  neither  diffuse 
nor  zonary,  nor  discoidal,  but  bell-shaped,  n  transition  from  the  zouary 
to  the  discoidal.  Afterwards,  without  denying  the  importance  of  the 
placenta  as  a  basis  of  classification  for  the  mammals,  he  showed  that  its 
iiD)K>rtaDce  bad  been  exagf^enited,  that  all  the  intermediate  ones  fall  in 
between  the  different  forms,  and  that  very  different  shapes  may  fre- 
qaently  be  observed  in  the  same  order.  Vogt  accepts  however  the 
opinion  of  Broca,  but  it  was  on  account  of  other  considerations.  Ac- 
cording to  him  the  lemurs  are  to  be  separated  from  the  monkeys,  and 
conseqaently  are  not  their  ancestors.  He  remarked  that  the  opposable 
thnmb  has  nothing  absolute  about  it  since  it  has  been  already  observed 
among  certain  marsupinls,  and  likewise  the  uails,  since  the  lemurs  have 
claws  on  more  or  fewer  fingers.  That  is  tme,  but  Togt  retains  tbe 
galeopitbeci  among  the  lemurs,  and  they  are  tbe  most  important  feat- 
ure in  his  argument.  As  lo  tbe  contradictory  physical  characters 
invoked  by  Vogt  they  are  numerons  and  weighty.  To  enumerate: 
—the  lemurs  have  the  two  parts  of  the  jaw  independent,  but  they  are 
always  joined  among  the  primates;  their  low  and  slim  jaw  contraats 
with  the  high  and  heavy  jaw  of  tbe  monkeys.  The  intermaxillary  bone 
persists  throughout  life  among  tlie  lemurs  but  it  is  CO  ossified  early  among 
the  recognized  primates.  TUfi  ovbits  are  opened  behind  oc  have  but  jft 
a.  Mis.  231—43  o 
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sleiHler  ring,  whilst  tliey  are  always  closed  amoDg  the  primates.  The 
lachrymal  bone  is  largely  exterior  or  fiicial,  whilst  among  the  primates 
it  is  intra-orbital.  Their  dental  types  are  various,  whilst  it  is  fixed 
aiDODg  the  monkeys.  The  cerebellum  is  uncovered  among  the  lemurs, 
AuU  covered  over  among  the  primates.  The  nteras  is  bifid,  coDtrary  to 
the  assertion  of  Hieckel.  Beside  the  pectoral  matnmie,  they  have  often 
inguinal  mammie.  Thoy  have  never  been  observed  to  have  breech 
uallosities  or  cheek  pouches  as  among  the  monkeys  of  the  Old  Worid. 
The  pelvis  and  the  ear  are  eutirely  diSerent. 

Vogt  concludes  in  those  words :  "  In  summing  up,  it  follows  fh)m  All 
these  fHOta  that  absolutely  no  relation  exists  between  the  proslmians 
and  the  monkeys,  and  from  the  same,  none  with  man.  With  tlie  excep- 
tion of  the  opposable  thumb,  which  is  found  among  the  marsnpials,  the 
lowest  and  most  ancient  of  the  mammals,  the  prosimians  have  not  a 
single  anatomical  character  in  common  with  the  monkeys.  It  is  derog- 
atory to  all  principles  of  positive  science  to  class  the  prosimians  among 
the  probable  ancestors  oF  the  human  species." 

Are  these  objections  really  so  weighty  t  From  a  morphologioid  point 
of  view,  they  are  certainly  important;  but  they  do  not  oblige  us  to 
throw  out  the  lemurs  from  the  order  of  the  primates.  KoDe  of  tJiese 
divergent  characters  are  in  contradiction  to  the  idea  that  tbey  are  bot 
the  rough  draft  of  a  beginning  of  the  primates. 

The  characters  drawn  from  the  nails  and  the  opposable  tfanrohsoot- 
ranked  the  others  at  the  time  in  determining  the  general  idea  involved 
in  the  choice  of  the  word  primate.  But  man  has  the  orbit  opeu)  m 
closed,  the  angles  of  the  uterus  are  prolonged  more  or  less,  the  inter 
maxillary  and  symphisial  sntures  may  or  may  not  be  united,  he  is  not 
the  less  man.  The  same  is  true  for  the  monkeys.  The  adaptation  of  the 
extremities, two,  or  fonr  to  the  function  of  prehension,  is  the  character- 
istic trait  of  the  primates.  But  is  tbe  inconvenience  of  admitting  the 
lewnrs  into  the  order  of  primatesof  moment  when  it  is  made  in  the  terms 
of  Huxley  t  The  lemurs  are  the  last  family  of  theorderofprimatesaitd 
are  more  remote  from  the  other  families  than  they  are  from  each  other. 
The  distance  from  the  anthropoids  to  man  is  also  very  great,  as  shown 
in  the  volume  of  the  brain  and  tbe  cranial  characters  flowing  from  it, 
and  nevertheless  I  range  man  among  the  primates.  Strictly,  they  can 
separate  the  lemurs  and  make  a  si>ecial  order,  so  that  the  genealogical 
attachment  to  the  monkeys  will  not  be  so  prejodicial,  bat  that  will  com- 
pel us  to  do  the  same  with  man.  Vogt  is  inconsistent ;  he  retains  the 
word  prosimians  as  synonymous  with  lemurs. 

Having  finished  with  the  links  which  do  or  do  not  attach  the  lemors 
to  the  primates,  it  remains  to  speak  of  their  relations  with  the  other 
neighboring  groups.  I  have  sufficiently  insisted  on  thorelationsbip  with 
the  marsupials  and  more  particularly  with  the  phalangers.  Tbe  io- 
secttvores  are  next  to  be  considered. 

All  authors  from  Cuvier  to  M.  Vogt  have  noted  the  resemUsnoe  of 
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the  teeth  of  the  lemors  to  those  of  the  iDsectivores.  "Their  teeth," 
writes  Gorier,  "begiu  to  show  us  (from  higher  to  lower)  the  sharp 
tabercles  interlocking  one  into  the  other  as  in  the  inseotiTora."  "The 
galegos,"  one  finds  a  little  further  on,  "  have  the  teeth  and  the  insect- 
i  voroaa  diet  of  the  otber  lemnrs."  "  The  dentition  of  the  tarsians  is  that 
of  an  insectivore,"  snys  Ur.  Yogt.  "  The  lobes  of  the  molars  are  usaally 
well  forward  as  among  the  insectivora,"  says  M.  Hanley.  We  hare 
alrea<ly  pointed  out  the  insectivorons  first  dentition  of  the  oheirotnys. 
Gratiolet,  going  farther,  classed  the  lemara  in  the  insectivora^  The 
origin  of  the  insectivora  besides,  is  by  do  means  irreconcilable  vith  that 
of  the  marsapials.  The  primitive  type  of  these  was  the  iDsectirore  of 
the  trassicand  jarassic  periods.  Tbe  pbalangers  are  an  existing  species. 
We  mast  seek  in  the  fossil  species  tbe  tnie  origin  of  tbe  lemurs,  since 
these  appeai-ed  in  tbe  eocene  oi  beyond.  The  lastrelation  to  point  ont 
is  that  with  tbe  ungulates,  according  to  the  eminent  professor  of  the 
Mosenm,  M.  Albert  Oaadry,  whose  work  on  the  placoid  and  ganoid 
fishes  and  tbe  amphibions  labyrinthodouts  deserves  attention.  "I 
have  asked  myself,"  said  he,  in  bis  Tertiary  FoasiU,  "if  the  lemurs 
bad  not  a  common  origin  with  many  of  tbe  extinct  pachyderms."  Tbe 
resemblances  between  tbe  present  lemurs  and  tbe  nngnlates,  proven  by 
Alphonse  Milne  Edwards  and  Grandidier  in  their  great  work  on  Mad- 
agascar, leads  to  tbat  belief. 

Two  generabearout  this  idea.  The  first  is  thegeDnsadapi8,of  which 
a  Parisian  species,  coming  from  the  gypsnm  beds  of  the  upper  eocene 
of  Montmartre,  has  been  classed  by  Cnvier  among  tbe  pachyderms ;  bat 
it  is  found,  judging  from  tbe  teeth,  tbe  skull,  and  some  parts  of  the  limbs 
to  be  but  a  lemnr.  Tbe  second  is  the  aphelotherium,  classed  by  Gervais, 
liKe  vise  with  tbe  pacfaydermsand  at  present  recognized  as  a  lemur.  Tbe 
resemblance  holds  good  with  tbe  eocene  species  of  thestock  of  the  pres- 
ent perissodactyls,  such  as  the  hyracotherinm,  the  lophiotherium  and 
the  pachynolopus. 

In  tbe  United  States,  Professor  Cope  has  discovered  many  species  of 
adapts  and  confirmed  these  resemblances.  It  is  always  well  to  remark 
that  the  genealogy  leading  up  to  man  is  outside  of  tbe  question.  Mr, 
Cope  divides  tbe  fossil  lemurs  of  America  into  three  families ;  the  anap- 
tomorphus,  which  leads  np  by  two  branches,  one  to  the  monkeysand  tbe 
other  toman,  the  misodectins,  thelimitsof  wbichlam  notable  to  state, 
and  the  adapides,  which  lead  to  tbe  ungulates.  The  branch  of  adapis 
is  therefore,  according  to  Cope,  foreign  to  the  branch  leading  to  man. 

n— MONKEYS. 

The  more  I  study  this  question,  the  more  1  am  conviuced  tbat  the  an- 
thropoids should  be  re-united  to  the  accepted  monkeys,  of  which  the; 
are  only  a  higher  family ;  1  am  more  persuaded  that  they  are  more  sep- 
arated from  man,  as  I  do  not  yield  to  tbe  belief  of  a  certain  school  in 
taking  a  purely  morphologic  point  of  view.    As  to  the  physiological,  or 
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rather  the  inteltectaal  point  of  view,  it  is  not  to  be  diBCosaed  for  a 
moment. 

The  prinoipAl  olasaiflcations  of  the  primates  are  as  follows:  Covier: 
Two  groups — mnaand  the  monkeys — the  lHtter,ODdertbe  name  of  quad- 
Tumana,  divided  into  monkeys,  makis,  and  oustttis,  tlie  first  group  em- 
bracing those  which  are  called  the  great  monkeys  or  anthropoids.* 

Broca's  latest  way,  which  is  but  a  variatiOD  of  Linntens's  two  groaps: 
Man  and  the  united  antfaroiwidsi  the  monkeys,  those  of  the  Old  World, 
or  pitheci,  and  those  of  the  New  World,  or  eebians. 

Huxley's  last  way:  Three  groaps,  man,  the  monkeys,  and  the  lenmrs. 
The  monkeys  are  dirided  into  catarrhine,  platyrrhiue,  and  arotopilke- 
cine.  The  catorrhines  are  subdivided  into  autbropomorphs  and  cyuo- 
morphs. 

Yogt,  in  his  work  entitled  "Mammals:"  First  group,  man,  whitdi  we 
place  here  for  sake  of  completeaess,  but  who  is  not  treated  of;  seoond 
group,  the  monkeys  of  the  Old  World,  divided  into  the  anthropomorplis 
without  tuls  and  monkeys  with  tails;  third  group,  the  monkeys  of  tbe 
New  World,  divided  into  platyrrhines  and  arctopitheci ;  fourth  group, 
the  lemurs  or  pro  simians. 

It  follows  therefore  (with  but  tbe  exception  of  Broca)  that  all  agree 
in  uniting  the  great  monkeys  or  anthropoids  to  the  common  moukeys 
nnder  the  terra  monkeys  or  catarrhine  monkeys,  or  monkeys  of  the  Old 
World,  and  that  Huxley  and  Yogt  (whom  no  one  would  suspect  of 
revolutionary  theories,  I  was  on  tbe  point  of  saying,)  think  as  Cnvier. 
Is  Broca  as  isolated  as  I  have  affirmed  t  I  mention  here  that  Broca 
never  formnlated  his  division  as  have  the  foregoing,  but  that  it  is  the  Id- 
contestable  result  of  bis  teaching  here,  and  especially  of  that  of  his  bwt 
years.  This  fact  seemed  so  apparent  that  I  was  compelled  to  express 
it  in  a  table  in  my  Elements  of  Qenwal  Anthropologs,  appearing  in  1885, 
to  make  evident  the  resemblance  of  his  classification  to  that  of  lAanxua. 
Herv£  and  Hovelacqne,  who  were  in  possession  of  notes  taken  at  tbe 
course  of  Broca,  eo  understood  it  and  have  re-prodnced  it  with  some  ad- 
ditions to  complete  it  in  tbeir  "Summary  of  Anthropology"  (Pridt 
^Anthropoloffie),  appearing  in  1887.  Would  Broca  have  pot  it  into  k 
table  ra8hly,as  Qerv£  and  Hovelacque  and  I  have  done,  specifying  tknt 
he  treated  only  of  physical  man?  I  can  not  say.  One  phrase  of  bis 
memoir  of  1870,  on  tbe  order  of  primates  (page  83),  where  he  qualifies 
the  uniting  of  man  and  tbe  anthropoids  in  the  same  group  as  extrara- 
gaut,  bears  out  this  idea.  I  imagine  he  would  have  said,  "CertaiDly 
this  table  is  correct,  but  it  is  only  one  aBi>ect  of  tbe  question.'* 

*  Cavier  divided  the  qDadTuin>i]&  into  tbree  );Toapa:  Tb«  monkeys  or  qDadramMUi 
wbtch  have  four  straight  incisorn  in  each  jaw  and  flat  nails  (nails  properif  so  called) 
-oD  all  the  fingers;  tho  luakia  or  qLisdrumann,  nhiah  have  in  either  jaw  inoiwiniu 
number  olhor  than  four  or  ufotbei shape  aud  the  nails  flat  on  oil  the  fingen  eieept 
tku  little  QuKer,  armed  irilU  a  pointed  and  tnrneil-up  nail  (a  olav),  auil  (beonittitii 
or  donbtfnl  quadruoiftna.  tboa<>'h  be  ranges  tbom  in  (he  fim  group.  Tlis  ntkls  m 
vnrleaiun,  LilKWlc 
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However  that  may  be,  the  classification  that  I  attribute,  right  or 
wroug,  to  Broca  is  held  to  be  bis  by  mauy  people,  aud  against  it  I  would 
protest. 

From  my  special  stndiet)  and  my  knowledge  of  the  differences  (great 
and  little)  th>m  monkeys  presented  by  man,  drawn  from  the  volame  of 
the  brain,  the  eiaDial  characters  thatare  the  conseqnence  of  it,  tbef^ial 
characters  that  accompany  them,  and  the  characters  of  the  skeleton  that 
are  developed  parallel  with  tbem, — that  is  to  say,  of  all  the  characters 
that  I  have  specially  studied,  I  am  compelled  to  abandon  the  classifl- 
cation  of  Linuieas,  and  to  adopt  the  abused  one  of  Oavier,  in  which,  be- 
sides, critics  never  have  seriously  reproached  anything  bnt  the  employ- 
ment of  the  word  qnadmmana  and  the  exact  definition  of  the  hand  on 
which  be  based  it.  Onvjer  may  not  have  been  very  much  of  a  philoso- 
pher, bat  be  was  the  first  of  observers. 

Let  OS  consider  for  a  moment  the  word  qnadrumana.  When  Broca 
oppoaed  the  term  qnadmmana  as  applied  to  the  monkeys  to  distinguish 
them  from  two  banded  man  be  set  forth  the  fact  that  the  presence  or  ab- 
sence of  the  thumb  was  not  enoagh  to  authorize  tbe  name  hand  or  foot, 
bat  in  man  tbe  upper  limbs  accorded  with  the  function  of  prehension, 
to  which  the  extremity  of  the  limb  is  the  immediate  organ,  bat  the 
lower  limbs  ar«  likewise  constituted  in  view  of  the  function  of  locomo- 
tion and  support,  which  its  extremity  seems  intended  to  supply.  In  a 
word,  there  is  harmony  between  every  part  everywhere,  of  which  tbe 
dillereut  details  constitute  the  characteristics  of  the  function,  hand  and 
foot.  This  is  extremely  true,  bat  with  man  only,  who  ocoopiea  the  sum- 
mit of  the  evolationary  (series.  It  is  tar  from  the  same  when  we  de- 
scend the  course  of  tlie  series. 

Among  the  monkeys,  tbe  anterior  limbs  are  still  adapted  to  the  fhnc- 
tion  of  prehension,  bnt  they  are  at  the  same  time  organs  of  locomotion; 
tbe  posterior  limbs  are  still  adapted  for  walking,  but  they  are  at  tbe 
same  time  organs  of  prehension.  Among  tbe  lemurs,  are  still  the  same 
general  types  of  all  the  members  for  prehension  and  progression,  but 
in  fact  the  anterior  extremity  Is  more  a  paw  and  the  posterior  more  a 
hand  by  comparison ;  as  for  example  in  the  cheiromys.  The  monkeys 
are  both  quatlrnpeils  nnd  qnadrumana.  Notice  the  three  chief  seg- 
ments of  each  limb:  forwardit  is  an  arm,  bnt  backward  it  is  a  true  leg; 
however,  look  only  at  tbe  last  segment  both  i>efore  and  behind ;  it  is  a 
hand  by  the  principal  characters  of  tbe  free  and  opposable  thumb  and 
the  nails. 

In  man  the  harmony  is  perfect  because  the  functions  are  specialized 
and  because  the  organs  are  all  adapted  in  the  same  way,  those  for- 
ward for  prehension  and  those  rearward  for  walking. 

Beyond  our  branch  of  primates  then,  where  its  origin  is  seen,  the 
fore  limbs  appear  with  tbe  same  types  but  less  definite,  less  precise, 
aM  four  for  prehension,  the  forwani  ones  more ;  all  four  for  locomotion, 
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the  binder  ones  more.    Following  tbe  mareupialt),  evoluUou  comiueuces, 
specializationa  take  place  in  different  directions. 

Among  tbe  galeopitheci  and  tbe  obeiroptera,  tbe  particalar  adap- 
tation works  in  the  vaj  of  flight,  one  part  or  the  whole  limb  is  notoul; 
transformed,  but  bends  it«elf  to  the  needs  and  obeys  the  calls  npoD  it. 

Among  the  uagalates,  the  adaptation  works  in  the  way  of  locoiootioa 
by  tbe  four  limbs,  exclnsively;  gradually  these  mold  tbeuutelves  on 
the  same  type,  tbe  nseless  bones  disappear,  or  are  fosed  together,  cer- 
tain snperflaoas  movements  cease  iu  the  ratio  that  others  increase, 
inolnding  tbe  necessary  corresponding  anaiouical  arrangements.  Here 
Broca  ought  to  have  taken  his  model  type  of  tbe  locomotive  limb,  u 
among  man  be  possessed  tbe  model  type  of  the  prehensile  limb. 

Among  the  caruivora,  that  have  to  bonod  over  the  earth  to  cateh 
their  prey  while  at  the  same  time  tbey  mast  be  able  to  seize,  bold,  and 
rend  it,  the  fore  paws  have  remained  perfect  locomotive  organs,  bnt  at 
the  same  time,  organs  of  attack  by  their  claws,  and  organs  of  prefaeu- 
sion  to  a  certain  extent, — particnlarly  in  the  anterior  extremities. 

Among  tbe  monkeys  an  adaptation  of  another  kind  baa  taken  place. 
Those  iirom  whom  they  descend  lived  in  the  trees,  ran  on  tbe  braodies; 
they  had  need  of  increasing  their  power  of  prebension ;  tbey  had  to 
clasp  the  rounded  trnoka  of  trees  and  catch  tbe  branches  in  passiof; 
from  one  to  tbe  other.  The  adaptation  appears  to  show  in  the  posterior 
members  first;  later  in  the  anterior  ones.  The  make-up  of  the  limb 
has  not  bad  to  lose  its  own  type  on  that  account;  it  is  enongh  that  tbe 
extremities  are  adapted  in  a  certain  way.  The  nails,  the  free  oppo»- 
able  thamb,  tbe  very  movable  fingers,  are  enough ;  nature  is  contented 
with  that  without  mounting  to  the  higher  segment. 

One  fine  day  a  revolution  takes  place.  In  tbe  same  wny  as  an  adap- 
tation to  an  arboreal  life  has  taken  place' at  the  exi>ense  of  other  prior 
species,  so  an  adaptation  1o  terrestrial  life  occurred  with  an  uprigbt 
Attitude,  fovorable  to  a  more  extended  vision,  a  diminution  of  the 
olfactory  sense  and  the  facial  prominence  over  which  it  presides,  a 
perfecting  of  toucfa,  and  above  all  intelligence.  From  that  time  all  the 
living  forces  of  adaptation  have  tended  towards  the  Bame6nd,thelowfr 
tbnmb  has  ceased  to  be  opposable,  the  other  toes  have  decreased  in 
length,  what  the  foot  loses  the  hand  gains ;  man  was  created  exclasirely 
two  banded  above,  exclusively  two  footed  below,  all  the  accessory 
part«  In  tbe  segments  of  the  limbs  agreeing  with  tbe  types,  wbich  bad 
existed  since  the  marsupials  bnt  less  accentuated  until  then. 

The  little  character  of  the  opposable  thumb  bronghtout  byCuvier, 
marks  then  perfectly  that  which  is  common  and  special  among  the 
monkeys,  tho  ability  of  clasping  limbs  of  trees  by  the  four  extreoiitiee. 
Without  doubt  he  expressed  but  one  of  tbe  particulars  of  that  make- 
up so  perfect  in  man,  who  has  given  birth  to  the  words  hand  and  foot, 
but  it  is  an  essential  one.  One  does  not  know  enoogb  to  deny  however 
that  tbe  second  character  necessary  to  the  function  of  prebension,  ttat 
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is  tbe  great  mobility  iu  ever;  way  of  the  Betctuents  of  the  limb  may  not 
be  well  developed  among  tbo  monkeys  in  the  lower  limbs.  Caviar  tliea 
had  a  perfect  riglit  tx)  oaU  all  monkeys  qnadnimaaa,  although  they 
were  at  the  same  time  quadrupeds,  and  to  oppose  them  to  mati. 

I  anite  tbeu  the  antbroitoids  and  the  ordinary  mookeys  under  the 
uame  of  monkeys,  aud  I  sbonid  not  recoil  before  the  syoouym  of  quad- 
romaDa,  if  that  of  monkeys  does  not  satisfy  me. 

The  monkeys  are  divided  into  two  groups,  those  of  the  Old  World 
called  catarrhines,  because  they  have  tbe  nasal  septum  narrow  and 
tbe  nostrils  opening  below  the  nose  {from  xara,  below  and  pm,  nose),  and 
those  of  the  New  World  called  also  platyrrhines,  because  they  have  the 
septam  of  the  nose  wide,  and  the  nostrils  opening  on  the  side  (from 
niarot,  flat).    We  will  commence  with  tbe  latter. 

The  monkeys  of  tbe  New  World  are  entirely  arboreal ;  they  are  di- 
vided into  two  families;  tbe  monkeys  properly  so  called,  aud  tbe  arcto- 
pitlieci. 

The  first  are  divided  into  diurnal  monkeys,  embracing  the  bowlers, 
the  ateles,  the  s^jons,  etc.,  aud  tbe  nocturnal  monkeys,  embracing  the 
sagoniuB,  tbe  sakis,  the  nyclipitlieci,  and  tbo  saimiris. 

The  second  family  reqnires  paiticular  notice.  The  arctopitheci  or  hap- 
alians  are  a  separate  group  among  the  monkeys  of  which  Ihave  spoken, 
from  two  considerations.  They  embrace  the  ouistiti  (a  churning  little 
monkey  made  illnstrious  by  one  of  our  novelists),  and  tbe  tamarin. 
They  are  arboreal  as  the  preceding  ones,  and  nocturnal  like  the  latter. 

Tbe  arctopitheci  are  an  example  of  tbe  imperfection  of  our  means  of 
slassificatiou.  They  are  mookeys  aud  a;e  like  the  monkeys  of  America 
in  most  of  their  affiuities,  bnt  they  lack  the  single  character  which  dis- 
tingoisbes  all  monkeys  including  tbe  lemurs,  nnd  they  have  neither 
the  dentition  of  the  monkeys  of  America  nor  of  the  Old  World.  We 
cat  out  tbe  galeopitheci  from  the  lemurs  by  tbe  absence  of  tbe  first 
character;  is  it  necessary  to  treat  the  arctopitheci  the  same  way  with 
regard  to  the  monkeys  T 

Here  are  their  characters.  When  one  seizes  tbe  skull  in  a  way  to 
bide  the  lower  part  of  the  face,  it  is  entirely  an  American  monkey. 
Like  tbe  monkeys  of  America  it  has  a  round  head,  a  fiat  face,  lateral 
nostrils,  and  no  rump  callosities  or  cheek  poaebea.  Bnt  it  does  not 
have  opposable  thumbs  on  any  of  the  limbs,  which  leaves  out  the  only 
character  common  to  all  the  moukeysaud  falsemoukeys.  Furthermore, 
tbey  have  claws  on  all  the  fingers  except  the  binder  thumb  (the  hallux) 
which  has  a  nail.  The  teeth  number  thirty-two,  that  is  to  say,  tbe 
count  of  the  monkeys  of  the  Old  World  and  man,  but  with  a  different 
formula;  a  small  molar  more  and  a  large  molar  less.  Furthermore, 
their  teeth  have  certain  insectivorous  characters;  the  lower  canine  is 
small;  their  molars  interlock  a  little  as  those  of  tbe  insectivora,  and 
tite  firoDt  ones  have  sharp,  conical  points.  The  lowerinoisorsof  certain 
species  are  pointed. 
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Cuvier  besitated  to  make  tbein  qttadramaua.  For  onr  part  we  should 
readily  see  bere  an  introdnctlon  to  the  Primates,  a  kind  of  Americu 
lemnr,  a  transition  from  the  insectivora  to  the  monkeys  of  the  New 
World. 

Fossil  monkeys  have  been  found  in  America.  A  most  remarkable 
tbing  is  that  all  have  tbirty-Biz  teeth,  and  agree  with  the  types  of  tbit 
contiuent,  as  if  the  platynltine  monkeys  had  always  liv*^  there.  Th« 
highest  among  tbem  is  the  laoptthecus,  which  one  sbonld  comiiare 
with  the  anthropoids  of  onr  continent. 

In  short,  one  is  led  iu  America  to  a  special  series  so  constitDted  by 
its  origin  and  its  termination,  viz:  many  insectivora,  arctopitheci, 
Doctnmal  monkeys  beginning  with  the  saimiris,  dinmal  monkeys,  anil 
the  laopitheca.  Vogt,  Schmidt,  and  Coiie,  have  agreed  on  this  insec- 
tivorous descent. 

The  monkeys  of  the  Old  World  are  less  arboreal  than  those  of  Ibe 
New  World,  and  are  entirely  dinrnal.  Most  of  them  have  rump  calloe- 
ities  and  cheek  pouches.  Their  teeth  are  in  general  less  omuivoroos 
than  those  of  mnn  at>d  tend  by  the  canines  to  the  caruivoroas  type; 
they  are  also  farther  apart.  They  are  divided  into  the  great  monkeys, 
monkeys  without  tails,  or  the  anthropoids,  and  monkeys  with  tails, 
which  are  divided  into  semnupitheci,  cercopitheci,  and  cynocepbaU. 
The  semnopitbeci  (from  atiiyn^,  reuerahle)  embrace  the  eotelle,  which 
has  received  that  name  because  it  is  sacred  in  India,  and  plays  a  part  in 
Aryan  legends.  It  inhabits  India.  Indio-China,  Borneo,  and  .Tava. 
The  colobe  of  Abyssinia  and  Gniiiea,  completes  the  list.  The  cerco- 
pitheci include  the  gnenon,  which  is  found  only  in  Africa,  the  magot, 
which  inhabits  Africa  and  appears  even  on  the  Eock  of  Gibraltar,  ami 
the  macnqor,  which  bas  been  observed  at  two  points  in  Asia,— Indiii, 
and  Japan.  As  for  the  cynocepliali,  they  are  the  large  dog-mnuled 
monkeys  of  numerous  species  which  inhabit  almost  all  of  A  frica. 

The  monkeys  of  the  Old  World  are  related  on  the  one  hand  to  the 
lemurs,  and  on  the  other  to  the  ungulates. 

The  first  relationship  is  openly  maintained  by  Heeckel,  and  by  Oope. 
Hawkel  rests  entirely  on  the  shape  of  their  placenta,  not  a  very  god- 
vincing  proof.  Mr.  Cope  depends  chiefly  on  the  conformation  of  the 
teetb,  which  is  a  more  solid  argument  Unzley  does  not  say  that  the 
monkeys  descended  from  the  lemurs,  but  his  description  leads  us  in 
that  direction.  Vogt  rejects  that  genealogy,  as  we  have  seen ;  Scbmidt 
does  the  same. 

The  second  relationship  (that  with  the  ungulates)  ie  entertained  by 
Gaudry,  and  is  the  consequence  of  the  one  which  be  has  establidietl 
between  the  lemurs  and  the  ungulates.  There  we  bad  two  genera,  tbe 
adiipis  and  the  aphclotherium,  that  establish  the  commnuioation,  tbe 
point  of  junction  being  at  tbe  eocene  origin  of  the  perissodaetylhnineli 
of  the  ungulates.  Here  we  have  as  yet  but  one  known  genns,  the 
oreopitlieeua  of  Gervais.  which  by  ils  dentition  resembles  the  choero- 
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polatnns,  belonging  to  tbe  artiodactyl  branch  of  the  niigulates.  In 
review  we  have  genera  of  iiugDlates,  belonging  to  tbe  same  stock  an  tbe 
Duides  or  very  close  to  it,  which  have  marked  resemblances  to  the  mon- 
lieys;  the;  arc  the  cebouhoeraa  (or  pig  monkey)  of  Oorvais,  the  acotb- 
erolam  and  the  hyracotherinm  of  Oweu.  It  is  worthy  of  remark  here 
that  the  nngnlates,  going  on  the  one  hand  to  the  lemurs  and  on  the 
other  to  the  monkeys,  are  all  eocene,  whilst  tbe  only  real  monkey  lead- 
ing to  the  uugnlatcs  is  miooeoe.  It  is  also  worthy  of  remark  that  in 
his  general  proof  of  the  relation  of  tbe  preceding  species  with  the 
ungulates,  Qandry  did  not  separate  the  lemnrs  from  the  monkeys,  aa  if 
from  a  paleontologicnl  stand-point;  in  the  ancient  species  tbe  two 
were  tangled  together. 

Assuredly  this  is  a  slender  basis  upon  which  to  establish  the  deriva- 
tion of  monke.vs  and  ulteriorly  of  man  fh>ni  the  ungulates.  For  all  that, 
the  hypothesis  has  made  some  stir.  Vogt  seems  disposed  to  accept  it, 
and  Schmidt  coiiclndes  tbat  chapter  in  his  book  with  these  words:  "The 
monkeys  have  distinctly  a  doable  origin;  tbe  American  branch  has 
had  ancestors  in  the  form  of  iiisectivores,  tbe  Enro-Asiatic  branch, 
iuclndiug  tlie  anlhro|)omorptis,  ancestors  in  tbe  form  of  pachyderms. 
We  are  thos  brought  very  close  to  the  question  of  tbe  pachydermal 
origin  of  oar  primitive  ancestors." 

Observe  thiit  tbe  catarrhine  monkeys  are  dispossessed  of  their  affilia- 
tion with  the  lemurs.  I  declare  that  I  can  not  bring  myself  to  accept  tbe 
idea.  The  lemnrs  are,  according  to  my  belief,  the  lowest  of  the  prim- 
ates, of  the  qnadrnmana,  and  aa  such,  those  which  bear  every  prob> 
ability  of  having  produced  the  others. 

1  will  indulge  in  a  single  reflection.  I  am  an  anatomist,  a  craniologist, 
and  it  is  far  from  me  to  throw  any  doubt  on  the  great  value  of  tbe 
smallest  morphologic  character;  but  I  ask  myaelf  if  really,  underneath 
the  particulars  which  may  show  the  conformation  of  the  teeth,  tbe  fln- 
gerit,  and  the  toes  of  the  tarsus  and  carpus,  back  of  the  characters 
that  reflect  the  precise  kinds  of  alimentation  and  tbe  precise  way  of 
locomotion,  there  is  not  something  more  general  answering  to  tbe  spe- 
cial habits,  to  tbe  course  of  life  or  habitat  more  orless  terrestrial,  aquatic, 
diurnal  or  nocturnal,  that  imprints  on  the  make-up  of  the  organism  that 
general  appearance  of  relationship  that  the  natiiriilist  perceives  over 
and  above  all  those  special  modes  of  adaptation  that  he  studies  with 
so  great  care  to  And  a,  testimony,  an  expression,  a  formula  for  the  sup- 
l>ort  of  his  thought, — of  bis  vision,  if  I  may  so  espress  myself.  Clearly 
a  particular  trait,  u  jirogressive  variation  of  form,  reflects  tbe  higher 
kind  of  influence  to  which  I  allude.  Tbe  teeth,  the  eondyleof  tbe  jaw 
and  its  articular  cavity,  the  temporal  fossa)  give  very  exactly  tbe  diet 
of  tbe  animal  and  consequently  certain  of  its  habits.  The  patagium  of 
which  we  have  seen  the  first  traces  among  tbe  marsnpial  petauritea 
allows  U8  to  establish  a  series  leading  to  the  bats  by  way  of  the  galeo- 
pitheci.    I  have  aliown  yon  that  the  genealogy  of  the  perissodactyls, 
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ODe  of  the  most  eatiBfactory  that  science  has  yet  established,  rests  esaen- 
tiady  oil  a  single  character,  Che  number  and  degree  of  atropy  of  the  in- 
gers  or  toes. 

Is  the  form  of  this  chosen  characteristic,  all  t  Has  not  D&tnra  dUfenot 
ways  of  attaining  the  same  end,  and  cannot  she  divide  ber  inflaenceoTer 
the  mi^e-up  of  the  organism  without  making  any  characters  particnlarij 
distinctive,  and  »ven  at  the  same  time  leaving  present  characters  in 
appearance  contradictory  T  Hice  are  known  entirely  by  tbeir  way  of 
progressioD,  head,  and  general  form ;  nevertheless,  they  are  foand  under 
different  names  among  the  aplacentals  and  the  ploceutals,  among  the 
rodents  and  among  the  insectivorea,  terrestrial,semi-aqaatic,  semi-flying, 
or  flyiug  altogether,  ll  is  the  same  with  the  genus  squirrel;  they  ue 
scattered  iu  mauy  orders  under  names  simply  modified  in  certain  pu- 
ticulara.  There  is  among  the  marsnpials  a  type  of  remarkable  leajHug 
animals,  which,  while  entirely  preserving  that  type,  are  dispersed  in 
different  placentary  orders,  because  they  have  acquired  new  characters. 

I  ask  then,  if  the  peculiar  ways  of  the  monkeys,  if  their  habitat,  which 
is  exclusively  arboreal  among  their  better  defined  representatives,  and 
which  impresses  a  stamp  on  their  entire  individuality,  the  proportionB 
of  the  body,  the  exteut  and  situation  of  the  arlicnlatiug  sorfoces,  the 
freeness  of  movement  by  means  of  segments  one  over  the  other,  is  not 
a  sufiScient  incitement  to  establish  their  relationship  to  the  lemurs  and 
not  at  all  with  the  ungulates.  In  the  same  way  as  the  lemurs,  whieh 
live  a  similar  life,  lead  to  certain  marsnpials,  so  these  also  dwell  con- 
stantly in  the  trees.  Between  the  uugnlates  and  the  monkeys  I  see 
nothing  in  common.  I  can  not  understand  an  animal  with  hoofs  walk- 
ing on  the  end  of  the  digital  extremity  alone,  having  the  metataraala 
co-ossified,  drawn  out  and  raised,  the  fore  limbs  drawn  close  to  the 
body  and  moving  almost  in  the  same  parallel  plane;  that  is  to  say, 
adapted  to  a  measured  and  rythmic  terrestrial  locomotion,  giving  birth 
to  a  plantigrade  animal  with  nails,  with  movable  fingers  made  so  by 
being  molded  upon  the  trees  in  grasping  the  branches,  with  limlw 
endowed  with  the  most  dissimilar  movements  of  abduction  and  adduc- 
tion; whereas  it  does  not  require  any  effort  of  imagination  to  ooDoave 
an  adaptatiou  already  commenced  in  that  way  among  thelemnrsand 
having  bnt  to  be  continued  and  more  specialized  among  the  monkeyB. 

Before  starting  on  the  relationship  of  the  monkeys  of  the  Old  Wotkl 
with  man  we  must  look  into  another  qnestion.  We  have  verified  an 
intrinsic  asoenditig  series;  do  we  find  a  similar  one  among  the  monkeys 
of  the  New  World  t 

Two  stages  of  evolution  appear  at  the  start,  one  that  relates  to  the 
tailed  or  ordinary  monkeys,  and  the  otiier  which  takes  in  the  four 
catarrhine  monkeys  withont  tails  or  anthropoids.  The  latter  show  two 
degrees,  the  one  for  the  gorilla,  the  cbimpanitee,  and  the  orang;  tiie 
other  for  the  gibbon,  which  ia  the  transition  shown  between  them  uid 
the  tailless  monkeys,  more  particularly  the  semuopitheci.  With  the 
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four  it  is  oecessary  to  class  two  fossil  anthropoids,  the  Ptiopithectu 
antiquut,  noted  Id  1837,  b;  E.  Lartet  io  the  mioceoe  of  Sansau  (Gers), 
au  animal  probably  near  to  th«  gibbon,  and  the  Drpopilhecut  fontani, 
foand  by  Fontan  in  tbe  miocene  of  St.  Gandens  (Haute  Oaronne),  which 
is  incontestably  au  anthropoid,  bnt  different  from  the  present  anthro- 
poids. I  have  not  iuolnded  the  laopitliecns,  an  Americau  monkey,  which 
woold  be  the  third  fossil  anthropoid  known.  One  can  also  give  as  a 
proof  of  evolution  iu  tbe  monkey  groap  the  Metopithecun  peHtUici  of 
which  Uaadry  has  unearthed  the  fragments  of  twenty-flve  individuals 
io  the  miocene  of  Pikermi,  Greece.  It  does  not  lielong  in  any  of  tbe 
present  genera,  but  approaches  in  its  skull  the  semnopitheci,  and  tbe 
macaque  in  its  limbs.  One  can  believe  then  that  it  is  an  ancestor  of 
both  by  a  kind  of  dunbliug  of  type  like  that  which  was  produced  in  a 
large  number  of  marsupinl  types. 

Yogt,  in  spite  of  himself,  gives  an  argument  in  favor  of  this  internal 
evolution.  In  the  arboreiil  lil'o  of  monkeys  there  is  gradation;  the 
monkeys  of  America  and  tbe  somuopitheci  never  leave  tlie  trees;  the 
magots  often  set  foot  on  £artL  and  would  be  semi- arboreal ;  the  ma- 
caques and  cyuoce|>hali  are  terrestrial.  Now  is  it  not  |>ermis8ible  to 
believe,  seeing  their  perfect  adaptation  to  life  in  the  trees  that  the 
magots  and  with  much  stronger  reason— ^the  macaques  and  cynooephali 
correspond  with  an  original  effort  iu  a  new  line,  a  way  which  continued, 
we  can  conceive  would  cause  tbem  to  grow  straight  or  to  have  an  inter- 
mitteutly  oblique  attitude,  and  thus  be  helped  to  new  adaptations. 

Fioally,  Gratiolet,  at  a  period  when  he  could  scarcely  have  thought 
of  the  doctrine  of  evolution  which  was  about  to  spread  over  the  world, 
and  which  at  all  events  would  have  been  repugnant  to  his  religious 
sentiments,  put  forth  the  idea  of  parallel  series  among  the  nioubeys  of 
our  continent;  for  example,  tbe  ticmnopitheci,  proper  to  southern  Asia 
and  the  neighboring  islands,  leading  to  the  gibbon  and  orang  in  the 
same  region,  particularly  in  the  southeast ;  of  the  macaque  and  magot 
leading  to  the  chimpanzee;  and  above  all  of  tbe  cynocc]>halu8  leading 
to  the  gorilla.  Unconsciously  Orattolet  prepared  the  doctrine  of  tbe 
derivation  of  man  from  the  moukey,  siding  with  the  polygeuistic  ideas 
then  in  favor  iu  tbe  school  of  anti-orthodoxy. 

This  now  leads  us  to  our  last  genealogical  stage,  to  the  passage  from 
the  monkey  to  man. 

UL— MAN. 

I  will  set  forth  on  this  point  tbe  principal  opinions  that  ar«  current, 
or  which  can  be  maintained. 

The  first  is  that  of  the  learned  professor  of  Jena,  Heeckel.  He  is 
monogenistic  as  to  man,  as  he  is  monophyletic  concerning  each  of  the 
branches  and  branchlets  of  his  genealogical  tree.  Tbe  tailless  monkeys 
of  the  Old  World  consUtate  bis  nineteenth  stage  above  the  mooera. 
He  divides  them  into  four  branches.    The  fourth  is  the  anthropoids, 
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divides  into  tliree.  The  third  diTision  gives  ns  the  pitbecantbiopns  or 
man-moukey,  which  already  holds  itself  upright,  bnt  which  lacks 
speech;  this  is  the  twenty-first  stage,  the  authropopithecasof  H.  de 
MortUlet,  ont  of  which  present  mau  is  derived  by  two  bniDche«,tbe 
twenty-second  and  last  step  of  Haeckel,  one  the  negroes  with  wooly 
hair,  and  the  other  the  races  with  straight  hair,  of  which  the  Aoatia- 
lian  would  be  the  prototype.  On  the  chart  of  the  world  that  BsecktJ 
gives,  the  place  where  man  woald  have  taken  rise  by  the  acquisition  of 
articulate  langnnge  is  put  at  rhe  the  southwest  of  lodia,  where  tlie 
center  of  tlie  contineDtof  Lemnria  of  which  we  have  spoken  woald 
have  been.  The  iilnce  ia  marked  Paradise^  it  is  the  starting  poiot 
from)  which  man  should  have  spread  iu  all  directions,  some  to  the  west 
towards  Africa,  others  to  the  east  towards  Aastralasia  and  Melancflia, 
and  others  to  the  north  towards  Europe,  Asia,  and  by  Bering's  Stnit 
into  America. 

Huxley  does  not  express  his  opinion  on  the  immediate  descent  ol 
mail  in  any  of  his  writings  that  I  have  read ;  he  lets  the  reader  drew 
the  conclusions  from  the  developments  into  which  he  enters,  and  these 
lead  to  an  origin  from  the  anthropoids. 

Our  eminent  palieontologist  of  thn  Museum,  Professor  OandiT,  is 
also  very  reserved ;  nevertheless  he  will  allow  <ib  to  surmise  his  opinion 
where  he  has  not  plainly  formulated  it.  On  our  antbority,  the  follov- 
ing  series  expresses  bis  entire  thought  concerning  the  mammals:  Mar- 
supints,  nngulates,  lemurs,  and  catarrbinea  forming  a  single  gronp, 
anthropoids,  and  man.  The  anthropoid  that  be  points  ont  ia  tbedry- 
opithecua.  Bere  is  what  he  says :  "  The  dryopithecns  was  a  monkey 
of  a  high  order;  it  resembled  man  in  many  particulars;  its  height 
mnst  have  been  nearly  the  same ;  in  its  dentition  it  recalls  the  cbar 
acters  of  tlie  teeth  of  the  Auatralian."  {Fotail  Primates,  page  23G,) 
Further  00  lie  adds:  "If  then  it  comes  to  be  proven  (bat  the  chalk 
dints  of  Beauce,  diacovered  at  Tlienay  by  the  Abbe  Bourgeois,  have 
been  dressed,  the  most  natural  idea  that  presents  itself  to  my  mind 
would  be  that  they  have  been  worked  by  the  dryopithecns  (page  241). 
Unfortuuately  we  possess  but  a  lower  jaw  and  a  hnmenis  of  tbia 
animal." 

Another  palieontologist,  the  American  Professor,  Cope,  has  an  opin- 
ion of  his  own.  Mau  did  not  descend  from  monkeys,  anthropoids,  or 
the  rest;  he  descended  directly  from  tbe  Icmura.  We  have  already 
said  that  the  condylarthri,  the  origiual  stock  of  almost  all  the  orden 
of  mammalK,  gave  birth  notably  to  a  branch  that  was  divided  into 
three;  one  was  principally  represented  by  the  genus  anaptomorpbns, 
and  was  divided  in  its  turn  into  two  twigs,  one  t>f  which  produced  tbe 
monkeys  and  nnthroiwids,  and  tbe  other  which  lead  directly  to  man. 
Here  are  his  principal  reasous.  They  show  us  on  what  slender  basia 
our  genealogies  sometimes  rest. 

Man  has,  na  a  general  rule,  four  tubercles  or  cusps  on  tbe  upper 
molars.    Tbe  monkeys  and  the  anthropoids  have  in  general  five  tuber- 
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cles.  .  Tlie  preseut  lemnre,  the  fossil  necrolemur,  and  the  auaphtomor- 
phas  have  id  eeiieral  three  tubercles.  Bat  id  maD  three  tubercles 
have  been  noticed ;  Cope  has  published  a  long  list  of  their  degrees  of 
freqaencf  amoug  the  races.  It  is  a  reversioD  towards  the  lemars,  aod 
not  towards  the  aioukt-ys  and  anthropoids. 

The  preseut  opinion  of  Vogt  is  radically  different ;  bat  as  the  learned 
professor  of  Geneva  has  held  at  different  times  opinions  almost  diamet- 
rically opposed  and  has  played  an  important  part  in  the  question,  we 
will  stop  loDger  with  him.  IJ  is  first  way  of  looking  at  it  was  formulateil 
in  his  course  of  I8U2-'64,  before  Darwin  bad  formally  applied  to  man  his 
doctrine  of  the  deriraiion  of  species  one  from  the  other  by  the  mechau- 
ism  of  selection,  aod  before  Hiecliel  bad  completed  his  conrse  of  1867- 
'63,  in  which  ho  showed  for  the  first  time  bin  complete  genealogical  tree. 
His  second  opinion  is  known  to  Die  bj  bis  maguitieent  book  on  the  Mam- 
mals, appearing  in  1883  in  France. 

First  opinion :  "  Shalt  we  admit  sctentifically  the  origin  of  the  type 
of  man  from  that  of  the  monkey  T  "  says  Vogt  on  page  S17  of  bis  "  T<ec- 
taresonMan."  "I  have  put  before  yonr  eyes  all  the  material  known  up 
to  the  present  able  to  contribute  to  the  kuowledge  of  the  bridge  which 
shall  span  the  abyss  separating  mau  from  the  monkeys."  (I  will  give 
the  substance  of  his  remarks) ;  I  bare  shown  to  you  the  three  grt'at 
anthropomorphic  monkeys  on  the  one  hand  and  the  lower  human  races 
on  the  other  forming  untnterrnpted  series;  the  moat  ancient  cranial 
forms  approach  to  the  simian  type ;  furthermore  the  brain  of  a  micro- 
cephal  reproduces,  as  if  for  our  instniction,  that  which  should  be  the 
primitive  brain,  intermediate  between  that  of  man  and  that  of  the 
monkeys  -  -  -  the  desoeut  of  man  from  the  monkeys  by  derivatiou. 
Bat  it  does  not  follow  that  the  descent  operated  in  a  single  way.  It 
has  secondary  types  among  the  human  races  as  it  has  them  among 
the  monkeys ;  but  prolong  the  parallel  series  of  Gratiolet  and  we  have 
the  multiple  stocks  of  mau. 

Here  is  Vogt's  teitnal  conclusion :  "  The  summary  of  these  facts  far 
from  indicating  a  common  stock,  a  onique  inlormetliate  form  between 
monkey  and  man,  shows  ds  on  the  contrary  iinmen)ns  parallel  series 
which  must  have  developed  (more  or  less  circumscribed)  from  as  many 
pu^lel  series  of  monkeys"  (page  626). 

Second  opinion  :  Less  clear  to  my  luiud  than  the  first  On  the  one 
hand  Vogt  maintains  bis  former  ideas  of  the  polygenistic  simian  descent, 
on  the  other  hand  he  reverses  them  by  formally  denying  that  mau  de- 
Rcended  from  the  moukey.  The  following  will  better  show  the  inciting 
causes  which  preceded  hie  conclusion. 

The  monkeys  today  as  in  tbe  Miocene  and  Pliocene  epochs  have 
always  been  settled  in  tropical  climates,  aud  are  esseotially  arboreal ; 
they  leap  from  branch  to  branch  and  do  not  go  far  afield, — even  those 
that  are  terricoles  and  clamber  over  tho  rocks.  Between  the  monkeys 
of  the  Old  and  New  Worlds  the  separation  baa  been  complete  through 
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all  time ;  tbe  two  hemispheres  have  not  been  nnited  siuce  the  Miocene 
at  least,  perhaps  since  the  Eocene;  the  monkeys  which  cannot  live  in 
cold  coantries  would  be  very  wary  of  approachipg  Bering's  Straita. 
The  monkeys  are  little  modified  then  throughout  tbe  Old  World  where 
tbey  are  more  arboreal.  Since  the  Miocene,  one  recognizes  among  them 
typeshigh  as  tbe  laopithecusof  America  and  tbedryopithecus  of  Europe; 
they  have  not  evolved  since.  Theexampleoftbouiesopithecusof  Gandry 
is  the  only  one  which  we  can  cite  in  favor  of  any  evolution  whatever. 

Nevertheless  Yogt  speaks  here  of  a  tendency  toward  a  superior  o^ 
ganizatioa  like  that  of  man,  of  a  similarity  that  is  prodnced  in  different 
ways;  the  gorilla  resembles  man  more  in  its  limbs,  the  orang  in  its 
brain  and  tbe  chimpanzee  in  its  skull  and  teeth.  "  No  fact,"  saya  he, 
'*  will  permit  ns  to  admit  of  an  unique  line  of  evolution  toward  the  hu- 
man organization."  Unique,  perhaps  I  but  what  if  multiple  I  For  it 
would  always  bo  a  descent  from  monkeys. 

Passing  then  to  the  fossil  species  more  itarticniarly,  Yogt  insistsou  liis 
proposition  that  there  has  not  operated  <*  any  evolution  of  tbe  simian  type 
through  the  geologic  periods;"  that  wo  can  not  " signalize  any  progreaa 
of  that  type  since  the  time  of  the  Upper  Miocene."  With  tbe  exception 
of  one  argnmeutofliis  which  I  reserve  for  another  place,  that  is  all. 

Yery  well,  I  must  say  that  I  see  nothing  to  lead  me  to  that  concta- 
sion.  As  I  bavesbown  just  now  that  there  is  as  much  probability  of  an 
evolution  among  monkeys  as  in  any  other  zoological  group.  No  series 
of  species  leads,  it  is  true,  positively  trora  any  kind  of  monkey  to  any 
kind  of  man.  Bnt  in  paleontology  what  tbey  show  as  a  series  of  species, 
is  usually  but  a  series  of  characters.  Now  comparative  anthropolo^ 
shows  US  a  multitude  of  characters  forming  series,  going  from  the 
monkeys  toman,  by  the  way  of  or  not  of  tbe  anthropoids. 

Vogt  finishes  with  an  argument  which  has  a  good  deal  of  weight 
"The  infant  monkey  resembles  man  more  than  does  the  adult  monkey, 
age  alone  emphasizes  their  characteristicdiflFerences  by  the  evolution  of 
tbe  jaws,  the  cranial  ridges  etc."  And  he  thus  conelndes:  "Fromill 
these  facts  follows  the  conclusion  that  man  can  not  l>e  put  into  direct 
generic  relation  either  with  the  existing  monkeys  or  with  any  known 
fossil  monkeys,  but  that  both  (man  and  monkey)  bare  risen  from  » 
common  stock  of  which  the  characters  show  themselves  in  youth  more 
related  to  tbe  stock  than  in  tbe  adult  Iieing." 

A  priori,  tbe  latter  argument  of  Vogt  is  very  correct,  Everyone  bw 
remarked  tbe  contrast  between  thecranium  of  the  young  oraugand  the 
adult  orang,  of  the  young  gorilla  and  tbe  adult  gorilla.  It«  value  rests 
on  the  known  principle  of  the  parallelism  of  ontogeny  and  phytogeny 
which  may  be  espressed  thus :  The  forms  of  the  yonng  subject  re-prodoce 
the  forms  that  have  existed  among  its  ancestors  and  tbns  indicate  their 
relationship.  In  other  words,  the  character  in  progress,  or  new,— that 
which  should  relate  a  species  to  a  following  species,  exists  in  the  adult 
at  his  highest  degree,  whilst  the  character  which  belongs  to  iLc  ances- 
tors descends  to  the  infant,  though  it  disappears  in  the  adult;  forei- 
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ample,  the  exclnsively  polmouary  respiration  in  tlie  adntt  salamnoder 
aod  the  branebial  reBpiration  in  tbe  yoaog  salamander. 

Bat  one  Bhonld  separate  that  which  is  prodnced  after  birth  and  wbioh 
is  a  matter  of  growth  of  tbe  body,  or  of  physiological  derelopiueot  by 
the  coarse  of  age  in  the  individual  life,  from  that  which  is  au  ancestral 
resemblance  depending  on  embrylogy  and  intrauterine  ontogeny.  In 
tbe  yonng  man  as  in  tbe  young  inoukey  the  shall  is  ronuded  in  every 
seose,  and  smooth,  being  almost  without  asi^erities.  Tbe  temporal 
ridges  and  sagittal  ridge  (which  latter  is  but  the  result  of  elevation 
aud  pressore  ap  against — causing  ossification  on  the  median  line  of  the 
former),  are  ridges  developed  with  age,  especially  in  the  male  sex,  and 
BTB  proportionate  with  the  strength  of  the  muscles  which  are  inserted 
on  them.  They  reach  considerable  development  among  the  monkeys  in 
tbo  species  wbioh  have  powerful  masticatory  apparatas  and  enormous 
temporal  fossae. 

The  snpercilliary  arches  bulge  out  in  man  with  age  as  in  the  monkeys, 
uot  taking  so  remarkable  an  aspect  among  tbe  latter,  because  tbey  have 
a  more  ample  frontal  sinus;  a  secondary  character.  The  projecting  jaw 
in  both  only  becomes  marked  with  age.  Tbe  human  child  has  a  small 
ortliognathoas  face,  hidden  under  the  skull,  forming  an  enormous  bowl 
as  in  the  orang ;  the  face  grows,  elongates  and  becomes  more  progna- 
thous partly  by  simple  increase  of  volume,  whilst  tbe  skull  diminishes 
relatively,  partly  because  tbe  molars  of  tbe  second  dentition  have  need 
of  room  and  push  forward.  Among  the  monkeys  this  feature  is  very 
marked,  hot  it  baa  some  distinctive  characters  in  man. 

Later,  I  will  sum  up  to  show  how  the  agreements  between  the  base 
of  tbe  skull  and  thebaseof  the  face  follow  the  naso  basilar  plane,  chang- 
ing proportionately  in  the  adalt  compared  with  tbe  child,  the  angles 
that  craniomentry  brings  out  in  that  part.  The  facial  angle  cited,  since 
it  enjoys  a  certain  popularity,  is  greaterin  the  young  monkey  as  in  the 
yoang  of  man.  The  infantile  forms  of  tlio  yonng  monkey  of  which  Vogt 
Kpeaks,  recnr  in  part  in  tbe  adult  woman.  They  characterize  the  same 
way  the  male  eex  of  certain  races  which  writers  have  classed  for  that 
reason  as  in&ntile,  such  as  the  Aadamaoese. 

There  is  a  character  iiflplied  in  the  argument  of  Vogt  that  seems  to 
come  very  macb  to  tbe  support  of  his  theory.  It  is  that  the  young 
monkey,  tbe  orang,  or  tbe  chimpanzee,  for  example,  is  more  intelligent 
than  the  adult.  Then  ought  not  one  to  say  that  it  has  descended  from 
au  ancestor  more  intelligent  than  the  present  mouheyst  But,  greater 
intelligence  is  a  rule  among  all  young  animals,  as  well  as  in  man,  if 
circumstances  are  taken  into  account.  At  that  time  the  brain  is  rela- 
tively much  larger  than  tbe  body,  it  is  virgin  and  every  way  more  im- 
pressionable, it  increases  excessively  and  only  asks  that  it  absorb,  that 
it  work  up,  that  it  pat  to  profit  the  blood  it  receives.  What  is  more 
marvellous  than  the  way  our  children  learn  to  speak,  wiitc  and  readf 
Are  we  adults  capable  of  the  bnrden  of  quick  memory  required  far  the 
Bass  of  words  and  ideas  that  they  pick  up  at  that  timet    Young  Ana- 
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tralioDS  are  eqaal  Co  Earopeaus  in  tbe  schools,  they  acqaire  language 
with  an  extraordinary  facility }  but  the  period  comes,  their  savage  na- 
ture retorus,  tbey  drop  their  clothes,  rejoin  their  bind  and  mauifest  no 
more  iutelligence  than  if  they  had  never  beeu  atnoug  tbe  whites.  If  at 
our  age  we  appear  80  capaeiouA,  intellectually  8i)eakiug,  it  is  that  we 
have  aceumnlat«d  for  uunierons  years,  that  we  reason  from  habit,  in 
great  measure  antoniatically  >  we  are  constantly  excited  by  the  stmg- 
gle  for  existence,  by  the  society  of  our  equals,  by  tbe  use  of  langnsge 
which  the  monkeys  do  not  possess. 

The  last  argument  of  Vogt,  that  the  young  monkey  is  more  humaa 
than  the  adult,  does  not  therefore  convince  roe. 

1  bare  indicated  tbe  different  current  opinions,  positive  and  negative, 
on  the  derivation  of  man.    Are  there  not  others,  possible  t 

Although  I  have  addressed  many  objections  to  Vogt,  the  very  remark- 
able uncertainty  on  the  part  of  a  man  who  does  not  fear  habitually  to 
deliver  himself,  makes  me  reflect.  I  ask  first  whatshould  be  tbaccoin- 
mou  stock  of  tbe  monkeys  and  man  of  wbicb  be  s^wakB,  and  which  is  not 
tbe  lemurs  (Cope's  theory)  T  Although  Vogt  leaves  his  reader  in  sus- 
pense, it  is  easy  to  discover  his  tendency.  That  stock  started  from 
some  point  in  the  ungulates.  But  if  it  is  legitimate  when  one  considers 
tbe  present  species  the  evolved  extremities  of  the  branch,  it  is  less 
when  one  ascends  towards  the  trunk  before  the  specialization  of  the 
nugulates,  particularly  in  that  wbicb  concerns  the  four  limbs,  pushed 
to  the  extreme  in  two  diGTerent  ways,  among  tbe  equidw  aud  among 
tbe  ruminants.  After  that  it  must  bo  said  that  nothing  ia  impossible 
in  nature,  but  tbe  less  probable  things,  when  one  sees  their  work,  are 
attained  by  tbe  most  unforeseeu  jtrouesses  and  the  veriest  by-ways. 
That  which  selection  by  the  hand  of  man  gave  to  pigeons,  a  question 
so  well  studied  by  Darwin,  is  done  agaiu  in  nature  by  tbe  hand  of 
chance,  the  laws  and  mechanism  of  which  escape  os,  and  which  we 
call  by  that  name  for  just  that  reason. 

There  is  an  objection  to  the  descent  of  man  from  the  monkey  that  I 
have  matle,  aud  wbicb  goes  to  tbe  support  of  Vogt's  thesis.  As  I  hare 
said  previously,  the  primordial  type  of  mammifers — (wbicb  it  is  needless 
here  to  separate  into  placental  and  aplacental,'all  the  placentals  have 
certainly  been  apluuentals  at  tbeir  origin  aud  the  transition  was  pro- 
duced insensibly  without  geology  being  able  to  establish  at  what  time 
this  form  is  aplacental  and  that  analogous  one  placental) — the  priniitivB 
type,  I  say,  is  with  four  limbs  having  Hli'eady  much  that  one  can  recog- 
nize, their  destination  already  written,  the  four  set  apart  for  locomo- 
tion, but  the  anterior  ones  so  as  to  serve  moreover  as  oi^ns  of  prehen- 
sion aud  tbe  [Htsterior  ones  so  as  to  serve  essentially  as  organs  of  support 
and  locomotion.  This  double  specialization  goes  back  to  tbe  reptiles,  not 
to  speak  of  the  dinosaurs,  among  which  itis  so  marked.  Some  amphib 
inns  show  traces  of  it.  Among  the  most  ancient  mammals  knowu  in  all 
their  part«,as  the  Pbetmmdtia  primapui  of  the  Lower  Eocene  of  the  Ter- 
tiary ot  Wyoming  Territory,  in  the  Unitetl  States,  the  lore  limb  is  well 
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iDarked  as  an  organ  of  prehension  and  tbe  hind  limb  as  an  orgau  of 
travel.  In  tbe  flrBt  the  batnerus  articnlates  within  a  narrow  glenoid 
fossa  at  tbe  npx>er  external  angle  of  the  scapula  iu  auch  a  manner  as  to 
permit  the  most  extensive  moreuieuts  in  divers  ways,  the  radins  is 
movable  over  the  nina,  around  which  it  accomplinhes  the  turning  move- 
ment made  necessary  by  the  function  of  the  band  ;  the  five  flngera  are 
free,  the  thumb  is  more  turned  on  its  axis  to  admit  of  opposition ;  the 
band  is  continued  on  a  straight  line  with  tbe  fore-arm.  In  the  leg  the 
femar,  as  with  as,  is  united  to  a  massire  pelvis;  the  articular  surfaceB 
of  the  knee,  the  liuee  cap,  the  two  immovable  Iwnes  of  tbe  leg  are 
entirely  snch  as  arise  from  tbe  function  of  locomotion  exclusively;  the 
foot  is  plantigrade,  with  salient  heel,  with  digits  close  together,  and  it  is 
articalated  perpendicularly  by  its  arch  to  tbe  leg.as  in  man.  In  another 
contemporaneoas  animal  and  of  the  same  deposit,  the  corypbodon,  (of 
which  I  can  only  judge  by  the  foot  and  baud  figured,  but  entire,)  these 
two  organs  show  more  resemblance,  tbe  foot  looks  a  little  like  a  hand, 
bnt  there  is  nevertheless  a  differeDtiation.  But  in  man  that  specializa- 
tion or  differentiation  has  attained  its  raaximnm;  no  other  animal  is 
foand  in  the  same  rank.  Among  the  birds  tbe  U[»per  limb  has  become 
a  wing,  a  fanction  of  locomotion.  In  man  alone  the  npper  limb  is 
ezclnsively  a  hand,  tbe  lowtr  limb  combines  in  itself  all  tbe  locomotive 
fauction  that  it  divided  formerly  within  certain  limits  with  the  anterior, 
but  which  nevertheless  always  retained  its  essential  attribute,  ft 
seems  then  that  man  shonlir  be  the  direct  continuation  of  the  first 
Eocene  mammals,  if  not  of  the  marsupiuls  which  preceded  them,  tbe 
completion  of  a  type  begun,  and  it  seeiiiH  scarcely  logical  that  his  trans- 
formation should  l>o  accomplished  at  the  expense  of  a  branch  that 
seems  collateral.  The  monkeys  are  produced  by  tbe  fact  of  the  adapt- 
ation of  the  loner  limb  to  an  arboreal  life;  the  npper  limb  remained 
as  it  was ;  it  is  a  deviation  of  the  axis  of  evolution,  in  some  way,  a  devi- 
ation from  the  primitive  tyjte.  On  the  one  hand  tbe  ungulates  are 
detached  from  tbe  primitive  type  by  a  metamorphosis  of  the  anterior 
limb  designed  for  prehension,  into  a  limb  designetl  for  running,  and  by 
aharmonioDB  perfection  of  the  four  limbs  in  tbe  same  way;  on  the 
other  the  carnivores,  whose  four  extreniitios,  also  tbe  teeth,  the  jaw, 
and  tbe  entire  skull  put  themselves  into  harmony  with  the  needs  to 
which  they  are  subject  and  the  mode  of  life  and  diet  adopted  ;  also  the 
moukeys,  who  avoid  the  earth  usurped  partly  by  the  swift  herbivores, 
partly  by  the  sangniuai-y  carnivores,  are  refugees  in  the  trees,  where 
nevertheless  they  have  prospered ;  they  are  supported  there  and  con- 
seqneatly  they  have  appropriated  their  extremities  to  that  special  life. 
Man  t>eing  bom  from  the  monkeys  by  the  disappearance  of  the  acci- 
dental adaptation  of  the  hinder  limb  to  tbe  function  normally  belonging 
to  the  fore  limb,  that  in  to  say,  returning  to  their  primitive  archi- 
ancestral  type,  such  a  thing  would  appear  strange !  Assuredly  such  a 
tiling  may  be;  for  nature,  as  I  have  said,  does  not  take  the  shortest 
road.  From  tbe  caruivora,  which  are  terrestrial  animaU,  have  descendod 
H.  Mis.  334 44 
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iu  remote  times  a  multitnde  of  aaiaials  with  fios  called  the  pinnipeds. 
By  a  retrogression  the  latter  have  seen  tlieir  limbs  atrophy,  come  doae 
to  the  body  iu  the  form  of  a  paddle,  and  play  the  part  of  fins.  Bat  the 
most  probable  is  geoerally  tbe  simplest.  This  bend  in  the  road  that 
would  have  determined  the  evolution  of  man,  or  rather  of  one  of  liis 
precursurs,  is  naeless.  It  seems  more  rational  to  conceive  of  the  per- 
fect biped  and  biinan  type  descending  from  a  type  tUat  we  have  seen 
already  sketched  in  the  Eocene  times  and  constituting  the  fundamental 
original  type  of  tbe  mammals.  It  would  have  been  necessary  tbeu  to 
consider  the  branch  of  the  monkeys  as  acollateral  branch  in  which  evo- 
lution would  not  have  surpassed  that  which  the  present  and  fo8«l  ao- 
thropoids  show  ns. 

This  hypothesis  would  resolve  certain  difScnlties  which  seem  unaar- 
moantable  iu  anthropology.  Tbe  most  inferior  human  races  known  to 
ns  are  so  near  to  the  superior  races  in  contrast  to  the  distance  which 
separates  tbem  from  the  monkey)>,  that  we  can  consider  the  different 
men  as  forming  an  entirely  relatively  homogeneous,  nniform  species  as 
M.  de  Quatrefages  maintains.  The  most  ancient  human  race,  that  of 
Keanderthal,  is  in  the  same  position,  whatever  they  say  of  it«  His  en- 
nial  capacity,  that  is  to  say,  that  feature  which  really  characterizes  man, 
is  indeed  considerable  and  higher  tbau  the  most  inferior  of  the  praseot 
human  races,  such  as  the  Anstmliaus.  Between  tbe  lowest  mean  of  the 
capacity  of  the  skull  of  the  human  races,  which  I  fix  at  1100  cnbic  centi- 
meters in  round  numbers,  and  the  mean  W  the  highest  anthropoid  spe- 
cies, which  1  put  at  630  cubic  centimeters,*  tbe  distance  is  prodigions 


*  From  all  the  aljsolut*  Keiglilt  huowii  of  Ihe  bruin,  and  from  all  the  cTanial  M;i«i- 
tie*  ntllizAlile  in  the  Beriea  of  the  vertebrates,  in  dwelling  on  the  two  limlto  of  the 
eerieg,  I  have  made  out  for  the  latter  IwoBcbematic  tallies  ahowiuf;  tbe  differencatbtl 
are  presented;  first,  the  general  inesoa  of  niaa  aod  tbe  aothropoida  ^aibbons  IcA 
ont);  second,  their  particular  meaos,  the  lowest  in  the  huroao  nces,  tbe  bifthnl 
among  tbe  anthropoids;  third,  the  extreme  individual  cases,  tlie. weakest  nomn]  in 
man,  the  strongest  in  the  anthropoids.  CombiDing  these  two  tables,  thai  ii  toMj, 
associating  the  prodncte  famished  b;  the  weight  with  that  fnrniBhed  by  the  eapscit}'. 
I  then  drew  ap  a  third  schematic  table  which  gives  me  ao  intermediate  valae,  thit  I 
have  designated  uuder  tbe  uame  of  ctiebral  voliiiHt. 

Here  are  tbe  results ; 

(1)  The  distance  between  the  general  meau  of  humanity  and  the  general  meaa  of 
the  anthropoids  (Gibbon  always  excepted)  is  71)  to  100  of  Ihe  Brst  of  these  meaan;  or 
tbu  mean  normal  brain  of  nan  ie  two  auit  one-half  timee  larger  than  the  meaa  bralQ 
of  the  anthropoids. 

(-J)  The  distance  from  man  to  the  anthropoid  in  the  general  means  being  (akciM 
100,  the  distance  between  the  particular  uienns,  tbe  lowest  observed  in  the  bniasn 
races  and  highest  fonnd  in  the  three  genera  of  anthropoids  18  46,  and  the  diBt«ncel«- 
tweeo  tbe  extreme  individual  cases  the  closest  on  the  one  side  and  the  other  is  S6. 

It  is  evident  that  gradnali.v  as  new  wattriul  is  gathered  these  figures  may  vaij  inJ 
that  being  an  intermediate  value  between  two  diOerent  data,  the  one  expreneil  io 
grammi'S  and  the  other  in  cubic  centimeters  hence  they  have  not  an  absolute  vilne. 
But  such  as  the;  are  they  perjuil  ns  to  associate  the  data  which,  separate  are  fiequeiillf 
insnlHcienl,  and  throw  clearly  into  relief  r  hat  gulf  that  nt  the  present  time  septfaM 
man  itnd  the  atitbropoiils{Orang,  Chimpanzee,  und  Gorrilla).  /~  I  , 
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wbeu  oue  coinpiires  it  to  tbi3  trifling  inenn  differences,  oiio  DOtines  be- 
tueeti  tUe  »|)ecJe8,  genera,  families,  aud  orderuof  unimiils  comiug  after, 
and  also  wben  oue  takes  into  accooDt  the  compariaon  of  this  volume  of 
tlie  brain  with  that  of  the  body.  In  order  that  this  cerebral  traosfor- 
matioii  ebonld  be  accompliebed  it  has  required  an  unheard  of  time, 
defying  all  onr  coujectares. 

Pliocene  man  has  probably  been  found  in  America.  Miocene  man  is 
incontestable,  though  we  have  not  been  able  to  prove  it  clearly.  But 
in  the  mioceue  the  monkeys  are  seen  for  the  first  time  with  their  pres- 
ftit  characters.  Man  woold  then  have  established  himuelf  since  tbeir 
ap)>earance.  Would  evolution  have  chosen  an  animal  whose  posterior 
member  was  organized  tor  an  arboreal  life,  was  at  the  same  time 
foot  and  hand,  when  by  tbe  side  of  and  existing  prior  to  it  were  ani- 
Djals  whose  organization  presented  part  of  the  wisbed-for  cbaractersi 
It  is  scarcely  probable,  and  considering  (I  reiieat),  the  number  of  inter- 
mediate  species  which  have  been  necessarj-  before  arriving  to  the  pres- 
ent coDStitntion  of  our  braiu,  it  seems  probable  that  tbe  introdnctiou 
of  man  hatl  taken  place  sooner  in  tbe  eocene  epoch  by  means  of  one  of 
tbe  condylarthres  haviug  already  the  principal  morphlogical  characters 
of  man,  those  relating  to  tbe  brain  excepted,  that  Cope  shows  us  served 
as  intermediary  to  the  marsupials  and  tbe  most  of  the  present  mammals. 
There  tbe  differentiations  were  made  according  witb  the  different  modes 
of  life,  which  have  given  on  one  side,  tbe  branch  of  tUe  ungulates,  tbe 
branch  of  the  carnivores  and  many  others  that  have  disappeared  with- 
oDt  founding  a  stocic,  on  tbe  other  aide,  tbe  branch  of  tbe  quadrumaoa. 
and  tbe  human  branch. 

Tbe  human  type,  that  is  the  cerebral  type  before  culmiuating  in  the 
astonishing  development  which  wo  perceive  and  beside  which  all  the 
rest  is  but  accessory  bad  then  a  proper  stock,  a  stock  that  had  been 
the  most  central  continuation  of  tbe  general  primitive  trunk  of  the 
mammals!  In  the  present  stale  of  science  they  asually  compare  the 
makeupof  the  mammals  to  a  tree  ramified  into  numerous  main  branches, 
each  of  these  terminating  in  efflorescences  higher  in  growth.  These 
are  our  bettor  specialized  groups,  viz :  the  equidie  and  the  ramiDaotia 
among  tbe  ungulates,  the  lion  or  the  dog  among  the  carnivores,  etc. 
In  the  oew  system,  the  comparison  with  a  growing  tree  of  which  the 
central  axis  sends  out  tbe  lateral  branches  would  be  more  correct,  the 
central  stock  continues  to  elevate  itself  as  tbe  Lombardy  poplar,  and 
bears  at  its  summit,  man. 

1V.-C0NCLU8I0N. 

We  have  examined  tbe  genealogy  proposed  by  Hseckel,  and  the  sys- 
tems proposed  to  replace  it.  Whether  the  vertebrates  have  had  for 
their  starting  point  a  worm  with  a  soft  body  destitute  of  a  skeleton,  or 
on  the  contrary,  a  cnistacean  possessing  an  entirely  exterior  skeleton, 
we  have  previously  concluded  that  our  genealogy  has  passed  by  tbe  ga- 
Roid  fishes  to  join  with  those  called  by  palteODtolo^ist^s  lab;ri9^(tdc^(S) 
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wliich  1  have  often  deaigoated  by  the  uaioe  of  mitldle  vertebrates.  Tliere 
the  carreut  has  carried  us  along  not  iu  tbc  directioQ  of  the  mamoials, 
which  however  already  appeared  in  the  triassic  epoch,  but  plainly  to 
the  kingdom  of  the  reptiles  where  wo  have  to  deal  wilh  the  dlDOsaarian 
origin  of  the  inonotreuies  or  of  some  analogous  group.  Wo  have  fonml 
the  placental  marsupials  (designated  by  ns  under  the  name  of  cun- 
firmed  proto-uamiuals),  and  we  have  shown  whence  with  certain  prux- 
imate  reservations  (the  whales  fur  iustauco),  all  the  jiresent  placental 
mammals  have  issued,  and  consequently  our  race.  But  here  the  prob- 
lem is  complicated.  Until  that  point,  oar  origin  ap|>eanHl  clear — save  at 
the  very  origin  of  mammals.  The  lemurs  are  already  a  cause  of  embar- 
rassment On  the  immediate  descent  of  man,  the  uncertainties  in- 
crease. Many  opinions  each  expressed  by  illastrions  authorities  ue 
before  us;  sometimes  maKing  objection,  sometimes  making  conQrmatM)' 
arguments. 

'i'bere  are  only  two  doctrines  to  consitler ;  one  that  inakes  man  come 
from  the  primary  trunk  of  the  mammals  in  a  direct  line  and  without 
intermediate  orders,  not  from  a  matbematic»l  point,  bat  from  tb»t 
confused  mass  succeeding  the  marsupials  in  which  the  differentiations 
are  undecided  and  tend  toward  the  nngnlates,  or  toward  man;  the 
other  which  accepts  the  branch  or  order  of  the  ptinuiles  with  all  iU 
consequences,  the  lemurs  or  pro-simians  at  the  base,  the  monkeys  or 
simians  following,  and  man  all  alone  at  the  summit. 

After  a  careful  balancing  of  the  two,  1  confess  that  I  incline  towanl 
the  latter  solution,  and  conclude  for  our  descent  (torn  the  monkey.  In 
my  mind  one  consideration  out-ranks  all  others.  The  type  of  cerebral 
couvolations  among  all  primates  where  it  is  well  chamuterized  in  its 
ascending  evolution,  is  that  of  man :  it  yaries  frani  the  cobian,  tu 
the  pitheous,  from  the  latter  to  the  anthropoid,  iind  from  it  to  rnau, 
only  iu  degree."  The  extreme  development  of  the  simian  tyi»e  ol  oon- 
Tolutions  and  the  abrupt  increase  of  the  volume  of  the  brain  in  going 
from  the  anthropoid  to  man  on  which  I  have  laid  so  much  stress  are 
the  two  fundamental  anatomical  characters  of  man,  histological  exam- 
ination being  left  out  of  cousideration.t  . 

If  on  the  one  hand  we  find  as  details  that  the  foot  of  monkeys  lis* 
a  thumb  more  or  less  opposable ;  that  the  latter  should  bo  moro  or  less 
adapted  to  their  arboreal  life;  that  it  might  suem  strange  to  us  that 

•  Sl'o  p.  Broca,  "Aiiatomio  compart  dos  ciroouvoliilioue  c6rtbraloii."  Beviu  IfAw- 
thropologie,  1878,  pa^  385. 

t  According  to  M.  ChndziDBki,  bo  competent  on  tliiH  snlyect,  not  only  the  typ«  o( 
the  convolutions  but  to  an  oqual  degree  tbe  muaoulnr  aud  vinceral  SDom^iM  abow- 
ing  themselves  in  man  pluad  in  Tavor  of  simian  descent.  Certain  muscnlaraDomiliM 
give  likewise  a  reversion  towards  tUe  state  of  c1iiiilii:ra  or  tree  dwellers  («»  ChaJ- 
zioski's  memoir  in  the  Heme  d'AnlhTopologie,  "  On  tbe  iiinscuUr  and  viaceral  T«ri»- 
tionsamoDglbe  races"  and  in  tbe  bnlletins  of  tbe  Societo'  d'Aathropologie,  "Ad 
auomalj  observed  in  the  Orang)."  See  also  liis  great  work  crowned  by  the  Inrtitole, 
"Ou  tbe  ooioparativo  anatomy  of  the  couvolntioiis,"  that  appeared  io  1878  aOd« 
which  the  Jterue  a'Antkropologie  has  given  t^  review  iu  the  volume  of  1879,  page  TOT. 
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the  liamau  line  after  fanving  seen  its  foot  partly  transformed  should  take 
again  the  original  foot  of  its  remoter  ancestors ;  ou  the  otlier  band,  we 
have  the  details  of  the  cranial  and  facial  characters  that  resalt  in  man 
from  the  great  volume  of  his  braiu,  the  atrophy  of  the  naaal  foMs  and 
of  tbeirnnmerons  posterior  cavities  (t)OBteriorn!ire8)  which  has  led  to 
the  disappearance  of  the  muzzle,  the  perfbction  (in  compensation)  of 
tonch  and  sight,  which  with  the  inodiflentions  that  necessitated  the 
eqailibrinm  of  theskall,  hare  raised  him  up  to  the  bipedal  attitude,  and 
have  thos  evolved  an  entirely  new  series  of  differential  characters. 
That  which  rules  all  is  the  alrea<ly  human  cerebral  type,  but  in  a  rudi- 
mentary state  among  the  monkeys,  as  it  is  the  same  type,  amplified  and 
perfected  in  man. 

All  the  organs,  foot,  hand,  teeth,  thorax,  pelvis,  and  digestive  tract, 
evolved  among  the  mammals,  have  been  transformed  caprieionsly,  have 
takcD  different  ways,  ami  are  specialized  in  different  senses,  sometimes 
to  the  same  line.  One  only  remained  stationary,  or  tittle  varied;  that 
is  the  brain,  ezoept  iu  man.  In  him  or  one  of  his  ancestors  among  the 
primates  it  baa  taken  its  rise,  it  has  grown  and  developed,  bending 
everything  to  its  neeils,  subordinating  everything  to  its  own  life,  the 
sknll,  the  face,  the  whole  body,  putting  on  everthiiig  its  imprint.  The 
fish  swims,  the  ruminant  browses,  the  carnivore  seeks  his  prey,  the 
monkey  is  arboreal,  man  thinks.  Everytbingin  him  gravitates  aronnd 
that  characteristic.  The  philosopher  haa  said  truly :  "  Man  is  an  intel- 
ligence served  by  organs." 

We  have  descended  then  from  the  monkeys,  or  at  Ipast  everything 
appears  OS  t^  wo  had  descended  from  them.  From  what  monkey  known 
or  unknown  t  I  do  not  know;  no  one  of  the  present  Anthropoids  has 
assuredly  been  our  ancestor.  From  several  monkeys  or  a  single  onef 
I  do  Dot  know ;  and  also  do  not  know  yet  if  I  am  monogenistio  or  poly- 
genistic.  Id  the  study  of  the  human  races  I  see  arguments  for  and 
against  both  systems.  Uutil  further  knowledge  is  arrived  at,  we  must 
reserve  our  opinion. 

We  must  see  what  arguments  comparative  craniology  will  bring  id 
favor  of  or  agaiost  this  or  that  ^nealogy.  At  that  time  aloDC  will  we 
be  permitted  to  determine  ou  the  place  that  anthropology  gives.to  man 
in  nature.  Whatever  may  be  the  result  arrived  at,  that  place — believe 
me— will  be  as  enviable  as  yon  could  desire.  At  the  origin,  towards 
the  beginning  of  the  Miocene  perhaps,  monkey  and  man  were  bnt  one; 
a  division  takes  place,  the  Assure  has  grown,  has  become  a  crevasse; 
later  an  abyss,  with  tains  more  and  more  scarped,  like  the  caQons  of  the 
Colorado; — an  abyss  which  our  friend,  Abel  Hovelacque,  does  not  wish 
to  see,  but  that  Messrs.  Vogt  nnd  Haxley  (little  suspected  of  orthodoxy) 
admit ; — an  abyss  that  widens  every  day  under  our  eyes,  though  permit- 
ting still  the  recovery  of  those  lost  paths  going  from  one  side  to  the  other, 
(of  which  Haxley  speaks  in  his  preface  to  his  book  ou  "  The  Place  of  Man 
in  Nature,")  but  which  sooner  or  later  will  become  impassable  hy  the 
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disappearance  on  tbe  oue  band  of  the  last  of  tlie  preseut  anthropoids, 
and  on  tlie  other  of  tbe  lowest  bumnu  races,  and  will  leave  man  i^lated 
and  miyeBtic,  proclaiuiing  himself  with  pride  the  king  of  creation. 

Let  ns  not  blosb  then  for  onr  ancestors;  we  have  been  monkeys,  as 
those  formerly  hare  been  reptiles,  fish,  naj'  worms  or  crastaceaiu. 
But  it  was  a  long  timeago,audwebaTegrown; — evolutiou  laaybasbeeu 
very  prodigal  of  its  favors  iu  the  struggle  for  existence,  she  has  gireo 
all  the  advantages  to  us.  Our  rivals  of  ye-sterday  are  at  our  mercy,  ire 
let  those  perish  that  displease  us,  we  create  new  species  of  which  «e 
have  need.  We  reign  over  the  \thole  planet,  fashioning  things  to  oir 
will,  piercing  the  istbiuas,  exploiting  tbe  seas,  searching  tbe  air,  aa- 
nulling  distance,  wriugiug  from  the  earth  her  secular  secrels.  Our 
aspirations,  our  thoughts,  our  notions  have  no  bounds.  Everj-thirg 
pivots  aronnd  as.  What  is  there  to  desire  morel  That  the  future  vill 
perhaps  reveal.    Evolution  has  not  said  its  last  word. 
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THE   STATE  AND   lUGUKli   HDIICATION.' 


By  nBBBBitT  It.  Adams,  Ph.  I>. 


This  is  an  era  of  eilucational  «ii(Iomii(-nt  upon  a  generons  aoale.  A 
recently  publisbed  reiwrt  of  Col.  N.  H.  K.  Dawson,  Commissioner  of 
Education,  shows  that  the  sum  total  of  noteworthy  educational  gifts 
during  the  year  1886-'37,  was  nearly  $5,000,000.  More  than  two-tbirdB 
of  the  eatire  amount  were  diatributed  among  nine  institutions,  fonr  of 
them  collegiate,  one  academic,  three  professional,  and  one  lecboical. 
The  institutioQ  most  highly  favored  was  Harvard  Cniversity,  which 
received  from  individual  sonrcea  nearly  $1,000,000.  Prom  one  man 
cauiealegacyof$630,000.  Haverford College, supported  by  tbeSociety 
of  Friends,  received  $700,000  in  one  bequest.  Of  the  two  hundred  and 
nine  gifts  recorded  by  tbe  Commissioner  of  Education,  tweuty-flve 
represent  $50,000 or  more;  seventy- two  were  sums  between  t^OOOand 
$49,000;  aud  one  hnndred  and  twelve  were  sums  less  thau$c>,000.  The 
most  striking  fact  in  all  this  record  of  pbilautliropy  in  that  such  a  large 
proi>ortioD  of  the  entire  amount,  fully  two-thirds,  was  given  to  higher 
education.  The  year  1888  is  richer  than  1887  in  individual  liounty  to 
institutions  of  learning.  Nearly  ten  millions  were  given  by  three  per- 
sons for  the  eneoaragement  of  manual  trainjog,  but  there  are  rnmors 
of  even  larger  benefactions  for  university  endowment.  The  collective 
retarus  for  1888  are  not  yet  published,  but  it  is  certain  that  the  past 
year  will  surpass  any  hitherto  recorded  in  the  nuiiaU  of  American  edu 
cation. 

Whatever  forms  modern  philanthropy  may  take,  one  tbiug  is  certain, 
universities  are  not  likely  to  be  forgotten.  At  the  founding  of  the  new 
Catholic  University  in  Washington,  BisLop  Spalding  said  that  a  univer- 
sity "  is  au  institution  which,  btitter  tlian  anything  else,  symbolizes  the 
Sim  and  tendencies  of  modern  life."  'Will  not  broad-iuiuded  people 
recognize  the  truth  of  this  statement  aud  strengthen  existing  founda- 
tionsl  Senator  Hoar,  at  the  laying  of  the  corner-stone  of  tbe  new  Clark 
University,  said,  "Tbe  university  is  tbe  bright  consummate  rto-verof 
democracy."    Will  not  American  patriots  cultivate  endowments  made 
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by  the  generosity  of  sons  of  tUe  peoplel  Are  tlie  noble  gifts  of  Johns 
Hopkins  for  the  ailvanceineut  of  learning,  and  the  relief  of  sufferiog, 
likely  to  be  forgotten  by  present  or  futare  goneratiouat  All  faistor}' 
testifies  to  the  grada:il  tip-building  of  universities  by  itidiriduHl  beue- 
factious.  The  development  of  European  uud  American  colleges  is  one 
long  record  of  private  philnnthropy.  Private  philanthropy  Kill  do  all  it 
can,  but.  public  interest  demands  that  the  St  ite  should  do  its  part. 

The  encouragement  of  higher  edueation  by  government  aid,  in  one 
form  or  another,  has  been  a  recognized  principle  of  pnblio  policy  in 
every  enlightened  statu,  whether  ancient  or  modern.  Older  than  the 
lecognitioD  of  popular  education  as  a  public  duty  v/aa  the  endowment 
of  colleges  and  universities  nt  public  expense  for  the  education  of  men 
who  were  to  serve  church  or  state.  It  is  a  mistake  to  think  that  the 
foundation  of  institutions  by  princes  or  prelates  was  a  purely  private 
matter.  The  money  or  the  laud  always  came  from  the  people  in  one 
form  or  another,  and  the  benefit  of  endowment  returned  to  the  people 
sooner  or  later.  Popular  e<1uG»tion  is  the  historic  outgrowth  of  the 
higher  education  in  every  civilized  country,  and  those  conntriea  which 
have  done  most  for  universities  have  the  best  schools  for  the  people. 
It  is  an  error  to  suppose  that  endowment  of  the  higher  learning  is  con- 
fined to  Boman  and  German  emperors,  Frencfa  and  English  kings. 
Crowned  and  nucrownecl  republics  have  pursued  the  same  public  pol- 
icy. Indeed,  the  liberality  of  government  towards  art  and  science 
always  lucreoses  with  the  progress  of  liberal  ideas,  even  in  mouarchical 
countries  like  Germany,  where,  since  the  introduction  of  parliamentary 
government,  appropriations  for  university  education  have  greatly  in- 
creased. The  total  cost  of  maintaining  the  Prussian  universities,  as 
shown  by  the  reports  of  our  Commissioner  of  Education  is  aboat 
$2,000,000  a  year.  Only  about  9  per  cent,  of  this  enormous  outlay  is 
met  by  tuition  fees.  The  state  coutributes  all  the  rest  in  endowments 
and  nppropriatioDS.  Prussia  now  gives  to  her  universities  more  than 
twice  as  much  as  she  did  before  the  Franco-Prussian  war,  as  shown  by 
the  report  of  our  commissioner  at  the  Paris  Exposition  in  1867.  In 
that  year  France  gave  her  faculties  of  higher  instruction  only  $765,764. 
Afier  the  overthrow  of  tiio  second  empire,  popular  appropriations  for 
higher  education  greatly  increased.  The  budget  for  1888,  shows  thnt 
France  now  appropriates  for  college  and  university  faculties  $2,330,000 
a  year,  more  than  three  times  tiie  amount  granted  under  Louis  Napo- 
leon. Despotism  is  never  so  favorable  to  the  highest  interests  of  edu- 
cation as  is  popular  goveriinieitt.  Louis  xiv,  and  Frederick  the  Great, 
according  to  the  authority  of  lioscher,  the  jiolitical  economist,  regarded 
universities,  like  custom-honses,  as  sources  of  revenue,  for  the  main- 
tenance of  absolute  forms  of  government.  The  world  is  growing 
weary  of  royal  muuifiocnce  when  exercised  at  the  [leople's  expense, 
with  roynl  grants  baae<l  upon  popular  benevolence  and  redounding  to 
the  glory  and  profit  of  the  prince  rather  than  to  the  folk  upholding  bis 
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throoe.  Since  tbo  inti-oduction  of  couslitutiunal  govenimeat  into 
Buroiieaii  states,  represeDtatives  of  ibe  people  are  takiug  tlie  power  of 
edacatioiial  endowmeut  and  aubaidy  into  their  owa  liaiidn,  and  right 
royally  do  tliey  discharge  their  duty.  The  little  Bepnblic  of  Snitzer- 
land,  with  a  population  of  only  three  millions,  sapports  foar  state  niii- 
rersities,  having  altogether  more  than  three  hundred  instrnctoni.  Its 
cantons,  correspoudiug  upon  a  small  scale  to  our  States,  expend  over 
$300,000  a  year  upon  the  higher  educatiou.  The  federal  government 
of  Switzerland  np|iro|mated,  in  1887,  $11S,000  to  thepolytechnienm 
atitl  $56,000  in  subsidies  to  cantonal  echoole,  industrial  and  agricultural; 
besides  bestowing  regularly  $10,000  a  year  for  the  encouragement  of 
Swiss  art.  The  aggregate  rerennes  of  the  colleges  of  Oxford,  based 
upon  innumerable  historic  endowments,  public  and  private,  now  amount 
to  fully  $3,000,000  a  year.  The  income  of  the  Cambridge  college  en- 
dowments amounts  to  quite  as  much.  But  all  this,  it  may  be  said, 
represents  the  policy  of  foreign  lands.  Let  us  look  at  home,  and  see 
what  is  (lone  in  our  own  American  commonwealths. 

Maryland  began  her  educational  history  by  paying  a  tobacco  tax  for 
the  support  of  William  and  Mary  College,  in  Virginia.  This  colonial 
generosity  to  another  State  has  an  historic  parallel  in  the  appropriation 
of  a  township  of  land  by  Vermont  for  the  encouragement  of  Dartmouth 
College  in  the  State  of  Kew  Hampshire,  and  In  the  corn  that  was  sent 
from  New  Haven  to  the  snp|H>rt  of  young  Harvard.  lu  colonial  days 
Maryland  had  her  county  schools,  some  of  them  classical,  like  King 
William's  School  at  Annapolis.  All  were  founded  by  nnthorityof  the 
oolouial  government  and  supported  by  aid  from  the  public  treasury. 
The  principle  of  state  aid  to  higher  education  runs  throughout  the 
entire  history  of  both  State  and  cohmy. 

The  development  of  Marylniid  colleges  began  on  the  Eastern  Shore, 
In  the  year  1783,  representatives  of  Kent  uonnty  presentetl  a  petition 
to  the  legislature,  saying  that  they  had  a  flourishing  school  at  dies* 
tertown,  their  county  seat,  and  wished  to  enlarge  it  into  a  collega  The 
general  assembly  not  only  authoriztd  the  establishment  of  Washing- 
ton College,  which  still  exists,  hat  in  consideration  of  the  fact  that 
large  sums  of  money  had  been  subscribed  for  the  institution  by  public- 
spirited  citizens  of  the  B^Mtcrii  Shore,  resolved  that  "  such  exertions  for 
the  public  good  merited  the  approbation  of  the  legislature  and  onght 
to  receive  public  encouragement  and  assistance."  These  are  the  very 
words  of  representatives  of  Maryland  more  than  a  century  ago.  Their 
deeds  were  even  better  than  their  words.  They  voted  that  £1,250  a 
year  shoud  be  paid  from  the  public  treasury  for  the  support  of  Wash- 
ington College.  That  vote  was  passed  just  after  the  conclnsion  of  a 
long  war  with  England,  wliou  the  titate  and  iiideod  the  whole  country 
lay  impoverished.  Towurd  raising  this  government  subsidy  for  higher 
education,  the  legislature  granted  all  public  receipts  from  marriage 
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similar  flues  aud  Uceuses  tbat  were  likely  to  be  constant  sources  of 
revenue. 

Tbe  founding  of  St.  John's  College  occurreil  two  years  later,  in  1(84, 
Tbis  act  by  tbe  State  of  Afarytaiid  was  also  in  response  to  n  local  de- 
mand. It  was  urged  l>y  tbe  citizens  of  Annapolis  tbat  King  William's 
Sebool,  althougb  a  clat^sical  iustitntion,  was  inadequate  to  meet  the 
educational  demands  of  tUc  age.  It  was  very  proi>erly  added  tbat  tlie 
Western  Sbore,aswellas  tbe  Eastern,  deserved  to  bave  a  college;  anilso 
Bt.  John's  was  established  as  the  counterpoise  of  Wasbington  College. 
Tbe  legislative  act  is  almost  identical  with  tbat  establishing  tbe  earlier 
instituCioD,  although  tbe  appropriation  was  larger.  The  legislature 
gave  St.  John's  4  acres  of  good  land  fur  college  grounds,  and  building 
sites  and  an  annual  appropriation  of  £1,750  current  money.  This  sum, 
in  tbe  words  of  the  original  act,  was  to  "  be  annually  and  forever  here- 
after given  and  gmiited  as  a  donation  by  tbe  public  to  Ibe  use  of  said 
college  on  the  Western  Shore  to  be  applied  by  the  risitors  and  gov- 
ernors of  tbe  said  college  for  the  payment  of  salaries  to  the  i)rincijiul, 
professors,  and  tutors  of  said  college."  Tbe  establishment  was  to  be 
absolutely  uosecCarian.  Studentsof  any  denomination  weru  to  l>en>l- 
mittcd  without  religious  or  civil  tests.  Not  even  compuUory  iilleiKl- 
ance  upon  college  prayers  was  required  so  modern  were  the  legisla- 
tive fathers  of  Maryland. 

The  next  step  iu  the  higher  educational  history  of  Maryland  was  tbe 
federation  of  the  two  colleges  into  the  University  of  Maryland.  Tbe 
two  boards  of  visitors  and  two  represeutatives  of  each  faculty  consti- 
tuted tbe  University  Courocatiou,  presided  over  at  Annapolis  on  com- 
mencement day  by  tbe  governor  of  the  State,  who  was  ex  officio  cban- 
cellor  of  the  University,  One  of  tbe  college  presidents  acted  as  vitc- 
ctaancellor.  Thus  more  than  a  century  ago  Maryland  iHaugumted  a 
State  system  of  higher  education  which,  if  it  had  been  sastained,  woald 
have  given  unity  and  vigor  to  her  academic  life.  But  nufortooalely, 
in  179i,  the  legislature  yielded  to  county  prejudices  and  withdrew  £500 
from  the  £1,250  annually  granted  to  Washington  College  and  begau  to 
establish  a  fund,  the  income  of  which  was  distributed  among  vanoos 
county  academies  on  both  shores  of  tbe  Chesapeake.  This  was  tbe 
origin  of  the  subsidies  still  given  in  one  form  or  another  to  secondar)' 
institutions  in  tbe  State  of  Maryland.  In  1805,  tbe  remaining  appro- 
priation of  £751)  belonging  to  Washington  College  and  tbe  entire£l,T56 
thitherto  granted  to  St.  John's  College  were  withheld  for  the  avowed 
purpose  of  "disseminating  learning  in  tbe  different  counties  of  tht 
State." 

For  six  years  there  was  a  famine  in  tbe  land  as  regards  the  snpportof 
higher  4'ducation.  At  last  in  1811,  the  legislature  resumed  appropriatioDB 
to  St.  John's  College.  Kealizing  that  it  faatl  mi^ippropriated  to  looil 
uses  subsidies  "  granted  annually  forever  "  to  St.  John's,  tho  legislature 
endeavored  for  many  years  to  compromise  by  giving  a  smaller  allowance. 
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The  court  of  appeal.'^  iiltitiiately  decided  in  18S9  tbat  siicb  a  re-adjastment 
was  a  breach  of  coutracr,  .lud  ibat  the  college  could  collect  what  was  due 
it  from  the  State.  There  is  perhaps  some  excuse  for  the  ecouomy  of 
Maryland  in  its  treatment  of  St.  Jobn's  Oollege,  namely,  "bard  times." 
A  State  tbat  went  through  the  fiuaueial  crisctt  of  18^7  and  1857  without 
repudiation  deserves  some  historical  credit.  St.  John's  College  was  sus- 
]>endcd  during  tbc  civil  war,  but  appropriations  were  runewed  in  1866, 
and  have  been  continued,  with  slight  variations,  down  to  the  present 
day.  The  amount  granted  in  18SS  was  $3,000  for  the  institution  itself 
and  $5,200  for  boarding  twenty-tive  students,  one  from  eitch  senatorial 
district. 

The  first  University  of  Maryland  ceased  to  exist  by  the  act  of  1805, 
which  withheld  appropriations  from  St.  John's  Oollege ;  but  in  the  year 
1812,  a  uew  University  of  Maryland  w.is  instituted  by  authority  of  the 
State,  in  the  city  of  Baltimore.  The  proceeds  of  »  State  lottery  were 
granted  to  the  institution  for  a  library,  scientific  apparatus,  botanical 
garden,  etc.  The  corporation  was  to  have  a  full  equipment  of  four 
faculties,  representing  the  arts,  law,  medicine,  and  theology.  Two 
faculties  of  law  and  medicine  still  perpetUiktc  the  spirit  of  the  founders 
of  the  University  of  Maryland,  and  are  honorable  and  distinguished 
promoters  of  professional  education.  It  can  not  be  said  that  they  were 
ever  treated  with  adeqnate  generosity,  though  they  actually  received 
from  State  lotteries  between  $30,000  and  $40,000,  and  were  never  taxed. 
The  present  generation  has  not  been  so  generous  to  the  cause  of  higher 
education  as  were  the  fatliers  of  the  Stale,  but  nevertheless  Maryland, 
in  her  entire  history,  has  a[ipropriated  something  over  $650,000  for  what 
may  be  strictly  called  college  education,  not  counting  $60,000  given  to 
the  State  Agricultural  College,  nor  $40,000  proceeding  f.ora  State  lot- 
teries. While  this  collective  bounty  is  small,  it  is  money  given  by  vol- 
untary taxation  and  not  taken  from  institutions  of  learning.  Most  of 
the  amouDt  was  raised  iu  times  when  the  State  was  poor  or  heavily  in 
debt,  and  when  public  money  came  with  difficulty.  Moreover  thi.s  finan- 
cial generosity  of  Maryland  establishes  the  principle  for  which  we  are 
contending,  namely,  that  this  State,  like  all  other  enlightened  States  in 
the  world,  has  recognized  the  duty  of  support  to  higher  and  unsectarinn 
institutions  of  learning.  She  has  at  difit'cient  times  appropriated  $C-'iO,- 
000  to  colleges  and  to  the  University  of  Maryland  from  her  public  treas- 
ury. 

Let  us  now  inquire  what  other  States  in  the  American  Union  have 
done  for  higher  education,  always  recognizing  of  course  great  inequality 
in  State  population  and  in  the  taxable  basis. 

Virginia,  whose  earliest  educational  foundations  Maryland  helped  to 
lay  by  her  tobiicco  tax,  has  expended  upon  colleges  and  university  over 
$2,000,000,  during  her  history  as  a  State,  not  counting  the  colonial 
bounty  to  William  and  Mary.  Since  the  war,  Virginia  has  given  her 
universily  $40,000  a  year.    Before  the  war,  she  gave  $15,000  a  year. 
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Tfat)  original  univprsity-establishinent  cost  tbe  State  about  4400,000. 
Tlio  people  of  Virginia  nre  proad  of  their  nniversity,  and  it  would  be 
Btiicide  for  any  political  i>arty  to  cnt  ofl'  tbe  yearly  appropriation  from 
tbe  iuatitatiou  founded  by  Tbomaa  Jefferaou.  The  State  of  South  Caro. 
lina  was  Jefferaon'a  model  for  geuerous  appropriationa  to  tbe  cause  of 
sound  learning.  She  bas  given  $2,800,000  to  that  object.  Georgia  has 
given  $938,000  for  the  same  purpose.  Louisiana  bas  given  $704,000 
from  her  Slate  treasury  for  the  higher  educatioo  in  recent  years,  and 
according  to  tbe  testimony  of  her  own  authorities,  bas  distributed  over 
$2,000,000  among  sobools,  academies,  and  colleges.  Texas  baa  apent 
upon  college  education  $382,000,  and  has  given  for  higher  educatioo 
2,250,000  acres  of  laud.  The  educational  foundations,  both  academic 
and  popular,  in  the  Lone  Star  State,  are  among  the  richest  in  America. 
Tnruing  now  to  the  Great  West,  we  &nd  that  Michigan  bas  given 
over  $2,000,000  to  higher  education.  She  supports  a  university  which 
is  as  con8[)icaouB  in  the  Northwest  as  tbe  University  of  Virginia  is  in 
the  South,  upon  one- twentieth  of  a  milt  tax  on  every  dollar  of  taxable 
property  in  the  State.  That  means  half  a  cent  on  every  hundred  dol- 
lars. This  university  tax-rate  yielded  last  year  $47,272.  Wisconan 
paysoue-eigbtbof  a  mill  tax  for  her  university,  and  that  yields  $74,000 
per  anunm.  Wisconsin  has  given  for  higher  education  $1,200,000. 
Nebraska  is  eveu  more  generous  to  her  State  antversity.  She  grants 
three-eighths  of  a  mill  tax,  yielding  about  $60,000  a  year.  The  Slate  of 
California  grants  one-tenth  of  a  mill  tax,  which  yielded  last  year  over 
$76,000.  Besides  this,  the  University  of  California  bas  a  permanent 
State  endowment  of  $811,000,  yielding  an  annual  income  of  $52,000, 
making  a  total  of  $128,000  which  the  State  gives  annually  to  its  highest 
institution  of  learning.  Altogether  California  has  expended  upon 
higher  education  $2,500,000.  The  State  of  Kansas,  the  central  empire 
of  the  Great  West,  gives  already  its  rising  university  at  Lawrence 
$76,000  a  year,  "  levied  and  collected  in  the  same  manner  as  are  other 
taxes." 

It  is  needless  to  give  further  illustrations  of  State  aid  to  American 
universities.  These  statistics  have  been  carefully  collected  from  origi- 
iml  documents  by  historical  students,  who  are  making  important  oon- 
tribntions  to  American  educational  history,  to  be  published  by  the 
United  States  Bnrean  of  Education.  Tbe  principle  of  Stale  aid  to  at 
least  one  leading  institution  in  each  commonwealth  is  established  in 
every  one  of  the  Southern  and  Western  States.  In  New  England 
Harvard,  and  Yale,  and  other  foandatious  of  higher  learning  appear 
now  to  dounsh  npon  individual  endowments  and  private  philanthropy; 
but  almost  every  one  of  these  collegiate  institutions,  at  one  time  or 
another,  has  received  S'  ate  aid.  Harvard  was  really  a  State  institution. 
She  inherited  only  £800  and  three  hundred  and  twenty  books  firom 
John  Harvard.  She  was  brought  up  in  the  arms  of  her  Massachaaetts 
unrse,  with  the  bottle  always  in  her  month.    The  towns  were  taxed  in 
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her  interest,  and  every  family  paid  its  peck  of  corn  to  make,  as  it  were, 
hoe-eake  for  President  Duaster  and  liis  facalty.  Harvard  College  has 
had  more  than  $500,'.M)0  froiu  ttie  public  treanury  of  Massochnsetti 
Tale  has  had  aboat  $200,000  from  the  State  of  Oouuecticut.  While 
andoobtedly  the  most  generous  gifts  have  come  to  Ifew  England  colleges 
from  private  sources,  yet  every  one  of  them,  in  time  of  emergency,  has 
come  boldly  before  representatives  of  the  people  and  stated  the  want 
They  have  always  obtained  State  aid  when  it  was  needed.  Last  year 
the  Massachusetts  Institute  of  Technology  became  somewhat  erabar- 
raased  financially,  and  asked  the  legislature  for  1 100,000.  The  institu- 
tion got  4200,000,  twice  what  it  asked  for,  upon  conditions  that  were 
easy  to  meet. 

Turning  now  from  historic  examples  of  State  aid  to  the  higher  edu- 
cation by  individual  Amerioau  commonwealths,  let  us  inquire  briefly 
ooncemiog  the  attitude  of  the  United  States  Government  towards  in- 
Btitations  of  science  and  sound  learning. 

Washington's  grand  thought  of  a  National  University,  based  upon 
individual  endowment,  may  be  fonud  in  many  of  his  writings,  but  the 
clearest  and  strongest  statement  occurs  in  bis  last  will  and  testament. 
There  he  employed  the  following  siguiflcant  language : 

"  It  has  been  my  ardent  wish  to  see  a  plan  devised  on  a  liberal  scale 
which  would  have  a  tendency  to  spread  systematic  ideas  through  all 
parts  of  this  rising  empire,  thereby  to  do  away  local  attachments  and 
State  prejudices,  as  far  as  the  nature  of  things  would,  or  indeed  ought 
to,  admit  from  our  national  councils.  Looking  anxiously  forward  to 
the  accomplishment  of  BO  desirable  an  objtict  as  this  is,  in  my  estima- 
tion, my  mind  has  not  been  able  to  contemplate  any  plan  more  likely  to 
effect  the  measure  than  the  establishment  of  a  universitg  in  a  central 
partof  the  United  States,  to  which  the  youths  of  fortune  and  talents 
from  all  parts  thereof  may  be  sent  for  the  completion  of  tlieir  education, 
in  all  branches  of  polite  literature,  in  arts  and  sciences,  in  acquiring 
knowledge  in  the  principles  of  politics  and  good  government,  and  as  a 
matter  of  infinite  importance  in  my  Judgment,  by  associating  with  each 
other,  and  forming  friendships  in  Juvenile  years,  be  enabled  to  free 
themselves  in  a  proper  degree  from  those  local  prejudices  and  habitual 
jealonsies  which  have  just  been  mentioned,  and  which,  when  carried  to 
excess,  are  never-failing  sonrces  of  disquietude  to  the  public  mind,  and 
pregnant  of  mischievous  consequences  to  this  country.  Under  these 
impressions,  so  fully  dilated,  1  give  and  bequeath,  in  perpetuity,  the 
fifty  shares  which  I  hold  in  the  Potomac  Company  ■  -  -  towards 
the  endowment  of  a  university,  to  be  established  within  the  limits  of 
(be  District  of  Columbia,  under  the  auspices  of  the  Geueral  Govern- 
ment, if  that  Qovemment  should  incline  to  extend  a  favoring  hand 
towards  it." 

Here  was  the  individnal  foundation  of  a  Nationnl  University.  Here 
was  the  first  suggestion  of  that  noble  line  of  public  policy  subseqnently 
adopted  in  1816,  by  our  General  Qovemment  in  relation  to  the  Smith- 
sonian Institution.  The  will  of  James  Smithson,  of  England,  made  in 
1826,  was  "  to  found  at  Wnsliington,  under  the  name  of  the  Smitbsouiiin 
lostitntion,  an  establish  uteut  for  the  increase  and  diffusion  of  knowledge 
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among  men."  A  simpler  educational  bequest,  with  sucli  far-reocbing 
results,  wag  never  before  made.  Wbetlier  James  SmjthsoD  was  inUu- 
CDced  to  tbiij  foundation  by  tbe  esampic  of  Wasbington  is  a  curious 
problem.  Smitlison's  original  bequ*jst,  ainouotiiig  to  sometliing  over 
$500,(MHi,  was  accepted  by  Oongress  for  tlie  purpose  deHignateil,  and 
was  place<l  in  tbe  Treasury  of  tbu  United  States,  wbere  by  good  admin- 
istration and  small  additional  legacies  (in  two  cases  from  otber  indiriil- 
n;ils)  tbe  sum  bas  increased  to  over  ♦70(I,(M)0,  Besides  this,  tbe  Smitb- 
sonian  Institution  now  bas  a  library  equal  in  value  to  tbe  original  en- 
dowment, and  acquired  by  tbe  simple  process  of  government  exchanges; 
and  it  owns  buildings  equal  in  value  to  more  tban  half  tbe  original  en- 
dowment. During  iho  past  year,  as  shown  by  tbe  Secretary's  report,  tbe 
Institution  was  "cbarged  by  Congress  with  the  care  and'disbnrsemeat 
of  sundry  appropriations,"*  amounting  to  (J20,000.  Tbe  National  Ha- 
seum  is  under  the  direction  of  the  Secretary  of  the  SmithsoniaQ  Insti- 
tution, and  the  Government  appropriations  to  tbat  museum,  since  ita 
fonndatiou,  aggregate  nearly  £2,000,000.  Tbe  existence  aod  everia- 
creasing  prosperity  of  the  Smithsonian  Institution  are  standing  proofs 
tbat  private  foundations  map  receive  tlio  fostering  care  of  government 
without  injurious  results.  Indeiiendent  administration  of  scientific  insti- 
tutions can  co-exist  with  State  aid.  It  is  a  remarkable  testimony  to  the 
wisdom  of  George  Washington's  original  idea  that  Andrew  D.  White, 
who,  when  president  of  Cornell  University,  happily  combined  private 
endowments  and  Government  land  grants,  lately  suggested  in  7^ 
JVrumt  Che  thought  of  a  national  university  upou  individual  founda- 
tions. This  thought  is  a  century  old,  bnt  it  remains  to  this  day  the 
grandest  thought  in  American  educational  history. 

George  Washington,  like  James  Smlthson,  placed  a  private  t>eqne8t, 
so  that  tbe  General  Government  might  extend  to  it  "  a  favoring  hand ;" 
but  in  those  early  days  Oongrens  had  no  coaceptinu  of  tbe  duties  of 
government  towards  eduoatiou  and  science,  althongh  attention  was  re- 
peatedly called  to  these  subjects  by  enlightened  Executives  like  TUbmHs 
Jefierson,  "father  of  the  University  of  Virginia,"  James  Madison, 
James  Monroe,  and  John  Quincy  Adams.  It  took  Congress  ten  years 
to  establish  the  Smithsonian  Institution  after  the  bequest  bad  been 
accepted  and  the  money  received.  Unfortunately,  George  Washington's 
Potomac  stock  never  paid  but  one  dividend,  and  there  was  no  pressure 
in  those  days  towards  educational  appropriations  from  an  ever-increas- 
ing surplus.  The  afl'airs  of  tbe  Potomac  Company  were  finally  merged 
into  the  Chesapeake  and  Ohio  Canal,  which  became  a  profitable  enter- 
prise and  endures  to  this  day.  What  became  of  George  Washington's 
"consolidated  stock"  of  that  period,  history  does  not  record.  Jare4l 
Sparks,  Washington's  biographer,  thought  the  stock   was  "held  in 

*  Ruport  of  Samiiol  P.  Laoglej-,  Secretary  of  the  SmitbBoiiiai)  lost'titioD,  ISSJ-^SH, 
p.  T. 

t  Thtf-Qi-am,  February,  1883, 
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trust '^  b;  the  nev  company  for  tUe  destined  university.  There  is  prob- 
ably little  danger  that  it  will  ever  be  thrown  upon  the  market  in  a 
eoliil  block  by  the  Treasury  of  tlie  United  States,  to  wbieb  the  stock 
legally  belongs,  unless  the  present  surplus  sbonhl  suddenly  vaninh, 
and  the  General  Governmeut  be  forced  to  realize  upon  its  assets  for  the 
expenses  of  the  adniinistratioD. 

George  Washington's  educational  schemes  were  by  no  means  vision- 
ary. His  stock  iu  the  James  Biver  Compaiiy,  which,  like  the  Potomac 
CoQipaay,  hi  hail  helped  to  organize,  actuiilly  became  productive  and 
was  by  him  presented  to  Liberty  tiall  Academy,  now  Washington  and 
Ijee  University,  at  Lexington,  Va,,  where  General  Lee  died  and  was 
buried,  having  servetl  his  native  Stite,  ns  did  George  Washington,  in 
the  capacity  of  a  college  president.  Washington  raised  Liberty  Hall 
Academy  to  what  he  called  "  a  seminary  of  learning  upon  an  enlarged 
plan,  but  not  coming  up  to  the  full  idea  of  uoiversity."  He  meant  to 
make  it  one  of  the  three  Virginia  supporters  of  the  university  at  Wash- 
ington. Liberty  Hall,  or  Washington  College,  his  own  William  and 
Mary,  and  Hampden  Sid  uey,  were  all  to  be  State  pillars  of  a  national 
temple  of  learning. 

Washington's  dream  of  a  great  university,  rising  grandly  upon  the 
Maryland  bank  of  the  Potomac,  remained  a  dream  for  three-quarters 
of  a  oentttry.  But  there  is  nothing  more  real  or  persistent  than  the 
dreams  of  great  men,  whether  statesmen  like  Baron  von  Stmn,  or  poets 
like  Dante  or  Petrarch,  or  prophets  like  Savonarola,  or  thinkers  like 
St.  Thomas  Aquinas,  the  fathers  of  the  church  and  of  Greek  philosophy. 
Slates  are  overthrown;  literatures  are  lost;  temples  are  destroyed; 
systems  of  thought  are  shattered  to  pieces  like  the  statues  of  Pbeidias; 
but  somehow  truth  and  beauty,  art  and  architecture,  forms  of  poetry, 
ideals  of  liberty  and  government,  of  sound  learning  and  of  the  educa- 
tion of  youth — these  immortil  dreams  are  revived  from  age  to  age  and 
take  concrete  shape  before  the  very  eyes  of  successive  generations. 

Tbe  idea  of  nniversity  education  in  the  arts  and  science.^  is  as  old  as 
the  schools  of  Greek  philosophy.  The  idea  was  perpetuated  at  Alex- 
andria, liome,  and  Athens  under  the  emperors  It  endured  at  Con- 
stautiuople  and  Ravenna.  It  was  revive.l  at  Bologna,  Paris,  Prague, 
Heidelberg,  Oxford,  anil  Cambridge  under  varying  auspices,  whether 
of  city,  church,  or  state,  and  was  sustained  by  tbe  munificence  of  mer- 
chants, priuces,  prelates,  kings,  and  queens.  Ideasof  higher  education 
were  transmitted  to  a  new  world  by  Englishmen  who  believed  iu  an 
educated  ministry  and  who  would  not  suffer  learning  to  perish  in  the 
wilderness.  The  collegiate  fonndalions  laid  by  John  Harvard  iu  Mas- 
sachasetts  and  Commissary  Blair  in  Virginia  were  tbe  historic  models 
for  many  similar  institutions,  north  and  south.  George  Washington, 
the  chancellor  of  WUliam  and  Mary,  when  he  became  President  of  a 
Federal  republic,  caught  up,  in  the  capital  of  a  westward- moving 
empire,  the  old  university  idea  and  gave  ituatioual  scope.    TtiereapoQ 
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tbe  Potomac  he  proposed  to  found  a  National  University,  drawing  its 
ecoaomio  life  from  the  great  artery' of  commerce  which  coanecta  the 
Atlantic  seaboartl  and  the  Great  West.  As  early  as  1770  Washington 
descrilied  this  Potomac  ront^  aa  "  tbe  channel  of  tbe  extensive  and 
valuable  trade  of  a  rising  empire." 

Was  it  not  in  some  measure  an  historic,  altiiongb  au  oucousdoua, 
fiilfiltmeut  of  that  old  drt'am  of  Washington  when,  a  bnudred  years 
lateft  JohusHopkiasdelermined  to  establish  upon  the  Maryland  sideof 
the  Potomac  a  aniversity  with  an  ecoiioinie  tributary  ia  the  Baltimon 
and  Ohio  Bailroad,  which  follows  tbe  very  windings  of  that  ancient 
obaonel  of  commerce  T  Forma  of  eudowment  may  change,  but  UDi- 
verstty  ideas  endure.  They  are  the  oommou  histtirio  inheritance  of 
every  eulightenetl  ageaudof  etery  liberal  mind;  bnt  their  large  fhlfill- 
ment  reqairesa  breadth  of  foundation  and  a  range  of  vision  reaching  be- 
yond mere  locality.  Universities  that  deserve  the  name  have  alwaya 
been  something  more  than  local  or  provincial  insiitutions.  Since  the 
days  when  Boiaao  yontU  (h>qtieuted  tbe  scbools  of  Grecian  philoeopby, 
since  tbe  time  when  ultramontraues  and  cismoutunes  congregated  at 
Bologna,  since  students  organized  by  nations  at  Paris,  Prague,  and 
Heidelberg,  since  northern  Scots  fouglit  southeru  Englishmen  at  Oxford, 
university  life  has  been  something  even  more  than  national.  It  has  beoi 
Internatioual  and  cosmopolitan.  Though  always  locally  established  and 
locally  maiDtaioed,  universities  are  beacon  lights  among  the  nations, 
commanding  wide  horizons  of  sea  and  shore,  catching  all  the  winds  that 
blow  and  all  the  sun  that  shines,  attracting,  like  the  great  ligbl -house  of 
Ptolemy  Philadel  >hus  on  the  islitnd  of  Pharos,  sailors  from  distant 
lands  to  Alexandrine  havens,  or  speeding  the  outward  voyager. 

The  nations  of  the  Old  World  are  proud  of  their  universities  ami  col- 
leges. Three  years  ago  all  Germany  and  the  learned  institutions  of  all 
Europe  united  in  celebrating  tbe  Ave  hundredth  auuiversary  of  "AU 
Heidelberg."  Last  summer  at  Dologna,  under  the  auspices  of  the  Ital- 
ian Governmentand  of  the  minister  of  public  instruction,  the  whole  civ- 
ilized  world  was  represented  by  academic  delegates,  who  had  come  joy- 
fully together  to  celebrate  t;ie  thousandth  birthday  of  "the  mother  of 
studies."  Every  country  in  Europe  takes  pride  in  the  history  of  its 
universities  and  of  its  system  of  public  education.  It  is  time  thatsooie- 
thing  should  be  done  for  the  history  of  learning  in  these  United  States. 
Dr.  G.  Stanley  Hall,  the  president  of  Clark  University,  in  his  Bibliog- 
raphy of  Education  (page  4t),  says:  "A  history  of  educational  instita- 
tions  in  this  counr  ry  is  greatly  needed.  The  field  is  very  rich  and  almost 
unknown.    Xo  comprehensive  history  exists." 

Before  educational  specialists  can  have  a  History  of  American  Edu- 
cation that  is  worthy  of  tbe  name,  there  must  be  a  vast  amount  ofspe- 
ciat  investigation.  There  must  be  many  local  and  State  contribntioos 
to  the  subject  before  national  generalizations  of  any  permanent  or  prac- 
tical value  can  be  drawn  by  educators.    One  might  m  well  geueialise 
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iipoD  the  character  of  tbe  American  people  without  an  historic:)]  xtntly 
of  iniinigration  and  without  taking  a  census  of  tbe  population,  as  to 
write  a  History  of  American  Education  before  obtaining  tbe  local 
facts. 

A  great  deal  of  pioneer  work  in  this  direction  has  been  done  in  Bar- 
nurd's  American  Journal  of  Edocalioa ;  in  the  Annnal  Beports  and  Cir- 
culars of  Information  pnblished  by  the  United  StiiteaBurean  of  Educa- 
tion ;  In  the  periodical  and  educational  journals  of  the  country,  and  in 
(he  local  histories  of  particular  institutions  of  learning  and  of  particular 
systems  of  schools.  A  strong  and  novel  impulse  in  the  direction  of  or- 
ganized inquiry  concerning  the  history  of  e  ucatioual  institutions  in 
this  country  was  communicated  to  the  country  in  the  centennial  year, 
187C,  by  General  John  Eaton,  then  Commissioner  of  Education,  Tbe 
spirit  of  local  co-operation  was  enlisted  in  many  of  our  American  colleges, 
and  considerable  historical  work  was  then  ddtie.  Some  ofit  was  locally 
published,  but  most  of  it  never  saw  the  light.  Popular  support  and 
Government  appropriations  were  lacking  for  the  adequate  prosecution 
of  tbe  work.  One  magnificent  result  however  of  this  new  spirit  of 
organized  inquiry  was  the  great  volume  on  the  public  libraries  of  tbe 
IToited  States,  their  history,  condition,  and  management,  published  in 
1876,  by  tbe  Department  of  the  Interior  for  the  Bureau  of  Education. 
A  single  contribution  to  the  history  of  education,  edited  by  Dr.  Frank- 
liu  B.  Hough,  was  published  by  the  Bureau  in  1&S3.  It  was  a  pamphlet 
of  72  pages,  called  Historical  Sketches  of  tbe  Universities  and  Colleges 
of  the  United  States,  and  related  to  the  University  of  Missouri. 

The  idea  of  systematically  investigating  tbe  history  of  higher  educa- 
tion in  this  country  was  revived  anew  in  connection  with  an  inquiry  un- 
dertaken by  the  speaker,  at  the  instance  of  General  Johu  Eaton,  con- 
ceming  The  Study  of  History  in  American  Colleges  and  Universities. 
Altbonjih  concerned  primarily  with  the  history  of  a  single  department 
of  instruction  in  a  few  representative  colleges,  like  Harvard,  Yale,  Co- 
lombia, Cornell,  the  Universityof  Michigan,  and  the  Johns  Hopkins  Uni- 
versity, the  writer  could  not  fail  to  discover  something  of  the  general 
historic  interest  belonging  to  the  development  of  certain  institntioos  of 
learning  north,  south,  and  west.  To  represent  a  school  of  history  and 
politics  iu  the  South,  ho  had  proposed  to  introduce  au  account  of  Wil- 
liam and  Mary  College  into  tbe  above  report,  bnt  this  institution  proved 
so  generally  interesting,  as  representing  tbe  history  of  edncatinn  in  Vir- 
ginia, that  the  pi'esent  Commissioner  of  Educiitioii,  Col.  N.  H.  U.  Daw- 
eon,  under  whom  the  report  on  The  Study  of  History  was  completed 
for  publication  in  1887,  encouraged  further  elaboration  of  the  above  ac- 
count for  a  special  Circular  of  Information.  The  monograph  on  Tbe 
College  of  William  and  Mary;  a  Contribution  to  the  History'  of  Higher 
Education,  with  Suggestions  for  its  National  promotion,  was  issued  as 
Circnlar  No.  1, 1887,  and  was  conlially  welcomed  by  the  friends  of 
higher  education  in  all  parts  of  the  country, — nortli,  south,  cast,  and 
west.  Aside  from  the  generous  public  interest  kindled  in  the  bouora- 
H.  Mis.  224 45 
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ble  bistory  and  sad  misfortunes  of  this  oldest  of  Sontberu  colleges,  next 
to  Harvard  tbe  oldest  iu  thecoaatry,  tbo  pnblicatioa  of  this  circnlar 
acvomplished  the  more  practical  result  of  arousiug  the  State  of  Tii- 
ginift  to  a  coDscioDsuess  of  its  educational  ialieritance  aud  to  au  appro- 
priation to  restore  tlie  old  college  to  a  career  of  active  neefnlDeBS.  If 
no  otber  end  tban  this  had  been  effected  by  the  abore  circular,  the  So- 
reau  of  Education  would  have  been  justified  in  entering  the  field  of 
Southern  educational  history,  where  historical  and  quickening  work  is 
most  needed.  To  illustrate  the  effect  upon  the  educators  of  the  North 
as  well  as  at  tbe  South,  it  may  be  added  that  this  monograph  foniisbed 
materials  for  a  presidential  address  at  a  well-known  Northern  UiuverN^ 
and  for  an  historical  oration  at  one  of  the  most  influential  SonthwD 
universities. 

The  immediate  success  of  this  pioneer  monograph  on  William  and 
Mary  College  led  the  way. to  the  larger  thought  of  treating  the  histoiy 
of  higher  education  by  States.  Accordingly  the  remaining  colleges  of 
Virginia  were  grouped  together  by  the  editor  in  authorized  sketches, 
supplementary  to  a  study  of  Thomas  Jefferson  and  the  University  of 
Tirgiuia.  The  idea  was  favorably  received.  The  need  of  making  gen- 
erally known  throughout  the  whole  conu  try  the  higher  education^  sys- 
tems of  individual  States  and  sections  is  iltnstrated  by  the  remark  of  a 
college  trustee  iu  Massachusetts  concerning  the  University  of  Tirginia: 
"  I  had  not  the  faintest  idea  that  any  such  university  ever  existed  or 
that  etlucatioQ  ever  was  on  so  high  a  plane  in  the  South."  Jefferson's 
ideas  concerning  university  education,  aud  indeed  concerning  education 
in  general  for  this  country,  were  far  in  advance  of  his  time.  Through 
tbe  ittstru mentality  of  professors  like  George  Long,  Thomas  Hevett 
Key,  Charles  Bonnycastle,  Dr.  Bobley  Dunglison,  and  other  professors 
introduced  from  Europe,  Jefferson's  plan  for  an  elective  system  and  for 
real  university  work  in  schools  of  language  and  science,  was  practi- 
cally realized  more  than  fifty  years  ago.  The  publication  of  the  facts 
regarding  Jefferson's  unique  creation,  in  the  vicinity  of  his  own  borne 
at  Monticello,  has  proved  not  only  of  historical  Interest  but  of  positive 
educational  value. 

Tbe  work  of  organized  inquiry  into  the  history  of  American  bigher 
education  by  States  and  groups  of  States  was  demonstrated  by  experi- 
ence to  be  practicable,  and,  by  general  encouragement,  to  be  welcome 
to  all  parts  of  the  couutry.  Certain  general  principles  were  adopted  in 
tbe  further  prosecution  of  the  investigation.  Under  tbedirectionof  an 
editor,  aided  by  tbe  resources  and  documentary  collections  of  tbe  Bu- 
reau of  Bducation,  the  preparation  of  the  State  monographs  was  as- 
signed to  representative  and  scholarly  men  from  the  State  or  section  of 
country  especially  concerned.  Iu  all  cases  the  active  co-operation  and 
assistance  of  the  various  higher  institutions  of  learning  in  each  Stat« 
were  enlisted  through  a  subeditor.  An  attempt  was  made  to  make  the 
reports  at  once  compact  aud  readable,  withagooil  analysis  of  contents 
and  a  few  attractive  illustrations  of  college  or  university  bnildings,  the 
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plates  being  by  no  meaua  confined  to  the  showing  of  externals,  such  as 
dormitories  and  fa^adea,  bnt  picturing  itlso  in  many  cases  library  and 
laboratory  interiors.  la  compeosatiou  for  the  lack  of  absolute  his- 
torical cooipleteneas,  fall  bibliographies  of  the  sources  of  tnformatioD 
were  to  be  appended  to  each  chapter  or  great  subject,  so  that  future 
8tadent«  of  our  educational  history  might  profit  by  the  way -marks  left 
by  pioneers. 

Althongh  unaided  by  any  special  appropriations,  and  absolutely  de- 
pendent npon  the  slender  resources  of  the  bureau  for  the  preparation 
of  circulars  of  information,  the  work  has  been  extended  from  Virginia, 
the  oldest  of  American  commonwealths,  throughout  all  the  Soatbem 
States,  where  monographs  are  either  completed,  or  well  advanced.  The 
report  on  North  Oarolina  has  lately  t>een  published.  The  returns  from 
Soath  Carolina,  Georgia,  and  Florida  are  already  in  the  Lands  of  the 
Government  printer.  The  work  has  not  been  restricted  to  the  South. 
Id  anticipation  of  the  historical  interest  connected  with  the  observance 
of  the  centenary  of  the  settlement  of  the  old  northwest  territory  organ- 
ized inquiry  was  early  exteuded  beyond  the  Ubio  River.  A  monograph 
upon  the  History  of  Higher  Education  in  Wisconsin,  prepared  by  Mr, 
David  Spencer,  under  the  general  direction  of  Prof.  William  F.  AUen, 
of  the  University  of  Wisconsin,  has  been  accepted  and  sent  to  the  Pub- 
lic Printer.  At  a  meeting  of  tlie  American  Historical  Association,  held 
in  the  National  Museum  during  the  Christmas  holidays,  an  introductory 
paper  opon  the  whole  subject  of  higher  education  in  the  Northwest 
was  read  by  Prof.  George  W.  Knight,  of  the  Ohio  State  University  at 
Columbus,  a  graduate  of  the  University  of  Michigan  and  author  of  a 
scholarly  monograph  npon  Federal  Land  Grants  for  Education  in  the 
Northwest  Territory,  published  among  the  papers  of  the  American 
Historical  Association,  vol.  i.  More  elaborate  monographs,  based  upon 
pioneer  work  in  a  vast  and  unknown  field,  and  representing  the  history 
of  colleges  and  universities  in  the  States  of  Ohio,  Illinois,  and  Michigan, 
will  soon  be  completed. 

Here  npon  this  desk  lies  a  manuscript  History  of  Higher  Education 
in  the  State  of  Indiana,  mother  of  the  President  recently  inaugurated. 
This  history  was  prepared  by  Prof.  J.  A.  Woodbnrn,  of  the  State  Uni- 
versity  at  Bloomington,  who  has  studied  for  two  years  in  Baltimore. 
Whilenobrief  description  can  do  justice  to  an  exhaustive  and  laborions 
work,  it  may  be  summarized  as  representing — 

(1)  The  services  of  the  old  Continental  Congress  and  of  the  Federal 
Government  towards  education  in  the  old  Northwest  Territory. 

(2)  The  early  beginnings  of  higher  education  in  the  Territory  of  In- 
diana and  the  rise  of  State  seminaries  and  academies,  with  their  growth 
into  the  State  University. 

(3)  The  worK  of  the  State  normal  school  and  of  the  various  polytecb- 
utc  and  indnstrial  institutions  in  the  Stiite  of  Indiana. 

(4)  The  organization  and  early  history  of  the  denominational  colleges 
and  of  other  iostitnCiona  of  learning  in  Indiana.    "       '    ^■'^Ht^^K 
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(5)  The  development  of  the  school  eystem  and  the  final  onion  or  ar- 
ticulation of  the  same  with  the  colleges  and  the  onirersity. 

Work  of  this  kind  has  been  pashed  not  only  throughout  the  North- 
west but  through  the  Southwest.  It  has  been  carried  beyond  the  Hi»- 
sissippi  River,  to  the  Pacific  slope.  The  leading  idea  has  been  to  do 
pioneer  work  in  the  West  and  South,  where  almost  nothing  bas  been 
hitherto  accomplished  towanls  a  systematic  history  of  colleges  and  nni- 
versities.  But  the  older  sections  of  country  have  not  been  left  out  of 
consideration.  State  monographs  are  in  preparation  or  contemplation 
in  all  of  the  New  England  States,  New  York,  New  Jersey,  Pennsylva- 
nia, Delaware,  Maryland,  and  the  District  of  Columbia.  Everywhere 
the  attempt  hits  been  made  to  secure  the  co-operation  of  good  men  and 
scholarly  investigators,  with  proper  historical  training  for  the  work  en- 
trusted to  their  hands,  and  with  a  scientific  spirit  rising  above  all  oon- 
aideratiouB  of  sectional,  or  sectarian,  or  economic  interest.  Id  all  cases 
the  work  has  virtually  been  a  labor  of  love.  The  funds  available  for 
this  wide-reaching  and  important  nndertaking  have  barely  sufficed  to 
pay  expenses  actually  incnrred,  to  say  nothing  of  properly  compensa- 
ting local  contributors  for  their  time  and  painetakiug  research. 

An  illustration  of  the  practical  value  lo  the  whole  country  of  ini'es- 
tigations  like  these,  lies  upon  the  desk  before  you.  Here  is  au  elaborate 
monograpti,  which  bas  occupied  mauy  months  of  patient  toil,  on  the 
History  of  Federal  and  State  Aid  to  Higher  Education.  The  work  was 
done  by  Dr.  F.  W.  Blackmar,  for  several  years  a  professor  in  a  California 
college  and  now  professor  of  history  in  the  University  of  Kansas.  Some 
of  the  State  superintendents  of  education  here  present  have  doubtless 
received  numerous  inquiries  from  Dr.  Blackmar,  who  for  the  past  three 
years  has  been  studying  in  Baltimore.  When  this  monograph  begins 
to  come  forth  in  proof  from  that  tomb  of  manuscripts,  the  Government 
Printing  Office,  some  of  you  will  probably  be  asked  to  look  over  the 
portions  concerning  your  own  State,  as  Dr.  Dickinsou  has  already  done 
for  Massachusetts,  Mr.  Hine  for  Connecticut,  Dr.  Murray  for  New  York, 
etc. 

Withont  anticipating  the  interesting  facts  and  figures  contained  in 
this  important  monograph,  (facts  which  have  been  kept  back  from  indi- 
vidual applicants  for  information  nntil  results  could  be  published  to  the 
public  at  largo,)  it  may  be  said  that  the  work  describes: 

(1)  The  attitude  of  every  American  colony  and  State  in  this  Union 
towards  the  higher  education,  considered  from  an  hislorical  (wint  of 
view. 

(2)  The  chief  legislative  enactments  by  colonial  coorts  and  State  leg- 
islatures coucerniug  the  establishment  and  encouragement  of  higher 
education. 

(3)  The  history  of  all  financial  aid  and  support  given  to  higher  edu- 
cation by  every  colony  and  State  in  this  country.  The  author  has 
found  out,  from  a  laborious  examination  of  original  statutes,  the  actual 
amouute  of  money  appropriated  and  of  lands  granted  for  education  by 
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each  of  the  several  States  and  by  the  Fetleral  Oovernoieot,  throughout 
our  entire  history.  There  is  not  a  practical  educator,  college  president, 
or  trustee  in  the  laud  who  will  not  appreciate  the  importance  and  util- 
ity of  such  a  fluaucial  history  of  higher  education  iu  America. 

{i]  The  monograph  further  shows  tbe  progress,  dovelopmeot,  and 
present  tendencies  of  biglier  education  in  these  CJnited  States.  The 
history  is  given  of  West  Point  Military  Academy,  of  the  Naval  Acad- 
emy at  Annapolis,  of  the  Congressional  Library,  of  the  Smithsonian 
lostitntioD,  tbe  National  Masenni,  and  of  the  United  States  Bureau  of 
Education,  together  with  all  the  financial  relations  of  the  General  Gov- 
enimeot  towards  science  and  education  since  the  beginning  of  our  life 
as  a  nation. 

These  matters  are  here  communicated  to  the  assembled  saperintend- 
ents  of  education  from  all  parts  of  tlie  Uniou  because  it  is  important 
that  you  should  appreciate  their  scope  and  significance,  a'ld  because 
you  are  in  a  position  to  strengthen  and  uphold  the  highest  work  of  the 
Barean  of  Kdncation.  The  bureau  was  originally  founded,  in  the  year 
1867,  "  for  the  purpose  of  collecting  such  statistics  and  facts  as  shall 
show  the  condition  and  progress  of  education  in  the  several  States  and 
Territories"  (Barnard's  First  annual  Eeporr,  18C7-'08, p. 63.  Garfield's 
speech).  What  better  method  could  there  possibly  be  of  showing  the 
condition  or  progress  of  education  in  these  United  States  than  by  an 
historical  review  of  the  origin,  growth,  development,  and  present  ten- 
dencies of  American  institntions  of  learning,  beginning  with  the  high- 
est, as  did  onr  forefathers,  with  colleges  and  universities,  and  gradually 
eulsrgtng  the  horizon  of  inquiry  nutil  tbe  whole  field  of  secondary  and 
common  school  education  is  embraced  in  the  retrospect  f  The  broaden- 
iog  plains  are  best  seen  from  tlie  hill-tops.  Unless  American  educators 
see  to  it  that  the  higher  education  is  properly  recognized  in  our  State 
and  National  reports,  our  whole  system  of  educational  inquiry  will 
degenerate  into  common  school  statistics  and  essays  on  pedagogical 
methods.  The  Bureau  of  Education  ought  to  take  a  commanding  place 
in  the  educational  work  of  the  country.  By  the  highest  kind  of  original 
investigations,  at  home  and  abroad,  it  ought  to  win  tbe  respect  and 
confideuce  of  the  best  men  engaged  in  educational  work,  whether  college 
presidents  or  superintendents  of  schools.  Why  is  it  that  the  interests 
of  labor  and  agriculture  can  be  raised  to  the  dignity  of  Departments 
in  tbe  United  SI'ates  Government,  with  a  Secretary  of  Agriculture  hold- 
ing a  Oabinet  ofQce,  while  the  educational  interests  of  tbe  Bepublic  are 
allowed  to  remain  upon  a  lower  level  f  Simply  because  the  educa- 
tors of  the  country  are  content  with  that  level,  because  they  do  not 
exert  oue-half  the  compelling  energy  of  either  tbe  farmers  or  the  labor- 
nuious.  The  Bureau  of  Education  ought  to  become  a  ministry  of  pub- 
lic instructioD,  with  a  recognized  place  in  the  Cabinet,  and  with  a  con- 
stantly energizing  inSueoce  proceeding  from  the  capital  of  this  couutry 
throughout  tbe  length  and  breadth  of  tbe  land,  stimulatiug  tbe  colleges 
and  the  universities,  as  well  as  the  school  systems  of  the  whole  country, 
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by  publisbJDg  the  resalts  of  organized  inquiry.  The  present  Commis- 
sioner of  Labor  toacbes  the  vital  interests  of  American  labor  and  of  all 
American  society  by  his  reports  on  the  condition  of  working  classes 
and  on  the  statistics  of  divorce.  The  bureau  can  attain  an  honomble 
and  iufluential  position  in  the  edacational  life  of  the  country  only  hy 
keeping  the  vantage-ground  alreaily  gained,  by  paraning  higher  lines  of 
activity,  by  pressing  boldly  forward  for  larger  appropriations  and  higher 
objects,  and  by  enlisting  the  cordial  support  of  the  beat  fl-iends  of  ed- 
ucation throughout  alt  these  States.  Thus  gradually  the  pressure  of 
public  opinion  will  be  brought  to  bear  upon  Goagressmen,  and  Coagreus 
and  the  nation  will  recoguize  at  last  that  the  interests  of  public  educa- 
tion are  quite  as  important  to  the  entire  American  people  as  are  the 
interests  of  any  one  class,  like  onr  American  farmers  or  our  American 
worklngmou,  however  honorable  the  aims  of  both  classes  may  be. 

Strengthen  all  existing  foundations  of  the  higher  education  in 
America,  whether  in  the  individual  States  or  at  Washington.  Bring 
the  representatives  of  public  school  systems  and  of  our  American  col- 
leges and  universities  into  more  hearty  and  efficient  alliance.  Uo-oper- 
ate  with  every  respectable  agency  for  the  higher  education  of  the 
American  people,  whether  by  summer  schools,  teachers'  institates,  the 
distribution  of  good  literature  iu  popular  form,  or  by  the  institution  of 
home  reading  circles  and  university  extension  lectures,  now  so  popular 
in  the  manufacturing  towns  and  mining  districts  of  England.  Break 
down  the  antagonism  between  mental  and  manual  labor.  Make  in- 
dustrial and  technical  education  as  honorable  as  classical  culture  and 
Che  learned  professions.  Teach  the  science  of  government  aud  social 
science,  European  as  well  as  American  history,  in  the  public  school. 
Then  shall  we  all  have  greater  respect  and  toleration  for  onr  fellow- 
meu;  then  will  all  begin  to  appreciate  the  necessity  of  supporting  all 
forms  of  education,  even  the  highest,  by  the  combined  efforts  of  society 
and  the  State.  A  noble  popularity  most  be  given  to  science  and  tirt  iu 
America.  The  people  of  every  State  should  be  led  to  see  that  the  higher 
learning  is  not  for  the  benefit  of  a  favored  few,  bnt  that  it  is  beneficial 
and  accessible  to  the  sons  of  citizens,  of  whatever  station.  In  the 
proper  co-ordinntion  of  the  common  school  system  with  the  high  school 
and  university,  the  Western  States  are  leading  this  Republic  to  a  more 
thoroughly  democratic  state  of  society,  with  fewer  artificial  distinctions 
of  culture,  with  more  of  the  spirit  of  human  brotherhood  than  the  world 
has  hitherto  seen.  The  Eastern  colleges  and  universities  will  continae 
to  train  professors  and  to  develop  science,  but  the  West  and  South  wilt 
apply  both  men  and  ideas  to  democratic  nses.  The  whole  country 
needs  this  popularization  of  culture.  With  universal  suffrage  and  the 
sovereignity  of  the  people  at  the  basis  of  our  political  life,  popular  iu- 
telligeuce  must  be  cultivated  so  that  it  may  be  both  able  and  willing  to 
bold  fast  all  that  is  good  in  human  history,  not  only  civil  and  religious 
liberty,  but  all  that  makes  for  happiness  and  righteoosness  in  a  great 
nation.  v^iOiwic 
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By  WiLLiAU  Anderson. 


Five  years  ago,  at  Montreal,  in  his  address  to  the  Mathematical  Sec* 
tioD,  Sir  William  Thomson  took  for  bis  subject  the  uUimnte  ooustitn- 
tion  of  matter,  and  discussed  iu  a  most  snggestive  manner  the  very 
strDCture  of  the  ultimate  atoma  or  molecules.  He  passed  in  review  the 
theories  extant  on  the  subject,  aud  pointed  out  the  progress  which  had 
been  naade  in  recent  years  by  the  tabors  of  Clausius,  of  Clerk  Maxwell, 
of  Tait,  aud  others, — among  whom  his  own  name  (I  may  add)  stands  in 
unrivalled  prominence.  I  will  not  presume  to  enter  the  held  of  scieo- 
tiBc  thought  and  speculation  traversed  by  Sir  William  Thomson.  I 
propose  to  draw  attention  only  to  some  general  considerations,  and  to 
point  oat  to  what  extent  they  practically  interest  tbe  members  of  this 
Section. 

In  s  lecture  delivered  at  the  Royal  Institution  last  May,  Professor 
Hendel^ff  attempted  to  show  that  there  existed  au  analogy  between 
tbe  constitution  of  the  stellar  universe  and  that  of  matter  as  we  know 
it  on  the  surface  of  tlJe  earth,  and  that  from  tbe  motions  of  the  heav- 
enly bodies  down  to  minutest  inter-atomic  movements  in  chemical  re> 
actions,  tbe  third  law  of  Newton  held  good,  and  that  tbe  application  of 
that  law  afforded  a  means  of  explaining  those  chemical  sabstitutions 
and  isomerisms  which  are  so  characteristic,  especially  of  organic  chem- 
istry. Examinedfromasnfficientdistance,  the  planetary  system  would 
appear  as  a  concrete  whole,  endowed  with  invisible  internal  motions, 
travelling  to  a  distant  goal.  Taken  in  detail,  each  member  of  the 
system  may  be  involved  ia  movements  connected  with  its  satellites, 
and  again  each  planet  and  satellite  is  instinct  with  motions  which, 
there  is  good  reason  to  believe,  extend  to  the  ultimate  atoms,  and  may 
even  exist,  as  Sir  William  Thomson  has  suggested,  in  the  atoms  them- 
selves. Tbe  total  resnit  is  complete  equilibrinm,  and,  in  many  cases,  a 
seeming  absence  of  all  motion,  which  is,  iu  reality,  tbe  consequence  of 
dynamic  equilibrium,  and  not  the  repose  of  immobility  or  inertness. 

The  movements  of  the  members  of  tbe  stellar  universe  are  many  of 
them  visible  to  the  naked  eye,  and  their  existence  needs  no  demonstra- 
tion ;  but  tbe  extension  of  the  generalization  just  mentioned  to  sub- 

*  Preaidontial  address  Wfore  the  Mechanical  ScleDce  Section  of  tlin  Brltinli  Auoci- 
ation  A.  8.,  at  NewcMtle,  8«pt«uibcr,  ietJ9.  IRepmt  of  BtHU\  J$»ociatiou^  vol.  Lix, 
pp.  718-733.)  L'.OO'JIc 
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stances  lying  (to  atl  appcariiDces)  iuert  od  tUe  eartb's surface  is  not  so 
obvious.  In  the  case  of  gases,  iuiJeed,  it  is  almost  self-evident  tbat 
tbey  are  composed  of  particles  soiuinnteas  to  be  invisible, — in  aoondi- 
tJOQ  of  great  individual  freedom.  Tlie  rapid  penetration  of  odors  to 
great  distances,  the  ready  ab8oq)tiou  of  vapors  and  other  gases,  and 
the  phenomena  connected  with  didusion,  compression,  and  expansion 
seem  to  demonstrate  this.  One  gns  wilt  rapidly  penetrate  another  and 
blend  evenly  with  it,  even  if  the  specific  gravities  l>e  very  different. 
The  particles  of  gases  are  (as  compared  with  their  own  diameters)  6e)> 
arated  widely  ftvm  each  other;  there  is  plenty  of  room  for  additional 
particles ;  hence  any  gas  wliicb  would,  by  virtue  of  its  molecular  motion, 
soon  diffuse  itself  nniformly  through  a  vacuum  will  also  diffuse  itself 
through  one  or  more  other  gases,  and  once  so  diffused,  it  will  never 
separate  ag^n.  A  notable  example  of  this  is  the  permanence  of  the 
constitution  of  the  atmosphere,  wbicb  is  a  mere  mixture  of  gases.  The 
oxygen  and  the  nitrogen,  as  determined  by  the  examination  of  samples 
collected  all  over  tfae  world,  maintain  sensibly  tbe  same  relative  pro- 
iwrtions,  and  even  the  carbonic  acid,  though  liable  to  slight  local  ac- 
cumalatioDS,  preserves,  on  the  whole,  a  constant  ratio,  and  yet  the 
densities  of  these  gases  differ  very  greatly. 

Liquids  (though  to  a  much  less  degree  than  gases)  are  also  composed 
of  particles  separated  to  a  considerable  relative  distance  from  each  other, 
and  capable  of  unlimited  motion  where  no  opiwsing  force — such  as  grav- 
ity— interferes;  for  under  such  circumstances  theirenergy  of  motion  is 
not  sufficient  to  overcome  the  downward  attractions  of  tbe  earth;  hence 
tbey  are  constraineil  to  maintain  a  level  surface.  The  occlosion  of  gases 
without  sensible  comparative  increase  of  volume  shows  that  tbe  com- 
ponent particles  are  widely  separated.  Water  (for  example)  at  the  freez- 
ing point  occludes  above  one  and  three  quarter  times  its  own  volume  of 
carbonic  oxide,  and  about  480  times  its  volume  of  hydrochloric  acid, 
with  an  increase  of  volume  in  the  latter  cash  of  only  one-third.  The 
quantity  of  gas  occluded  increases  directly  as  tbe  pressure,  which  seems 
to  indicate  that  the  particles  of  the  occluded  gas  are  as  free  in  their 
movements  among  the  particles  of  the  liquid  as  they  would  be  in 
an  otherwise  empty  containing  vessel.  Liquids  therefore  are  iiorouB 
bodies  who^e  constituent  particles  have  great  freedom  of  motion.  It 
is  no  wonder  consequently  that  two  dissimilar  liquids,  placed  in  cou- 
tact  with  each  other,  should  iuterpenetrate  one  another  completely,  if 
time  enough  be  allowed;  and  this  time,  as  might  be  expected,  i.s  oon. 
siderably  greater  than  tbat  required  for  the  blending  of  gases,  because 
of  the  vastly  greater  mobility  of  the  particles  of  the  latter.  Tbe  diffu- 
sion of  liquids  takes  place  not  only  when  they  are  in  actual  contact, 
but  even  when  Ihey  are  separated  by  partitions  of  a  porous  nature, 
such  as  plaster  of  Paris,  nnglazed  earthenware,  vegetable  or  animal 
mombrauos,  and  colloidal  substances,  all  of  which  may  be  perfectly 
water-tight,  in  the  ordinary  sense  of  the  term,  but  {wwerless  to  prevent 
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tlie  particles  of  tiqaidn  itiakiug  their  way  tbrougU  simaUaneously  in 
both  directious. 

When  we  oomo  to  solid  sabstaoces  the  same  phenouieDa  appear. 
The  volomes  of  solids  do  not  differ  greatly  from  the  Tolumes  of  the 
liquids  from  which  they  are  cougealed,  and  the  solid  volumes  arc  gen- 
erally greater.  The  volamo  of  ice  (for  example)  is  one  tenth  greater 
than  the  water  from  which  it  separates.  Solid  cast-iron  just  floats  on 
liqaid  iron, and  most  metals  behave  iu  the  same  way;  consequently, 
if  cho  liquids  be  porous  the  solids  formed  from  them  must  be  so  also ; 
bcoce,  as  might  be  expected,  solids  also  occlude  gases  iu  a  remarkable 
manner.  Platinnm  will  take  up  five  and  a  half  times  its  own  volume 
of  hydrogen,  palladium  nearly  700  times ;  copper,  60  per  cent;  gold,  20 
per  cent.;  silver,  21  per  cent,  of  hydrogen,  and  75  per  cent,  of  oxygen ; 
iron  from  S  Ut  12^  times  its  volume  of  a  gaseous  mixture  chiefly  com- 
posed of  carbonic  oxide.  Not  only  are  gases  occluded,  but  they  are 
also  transpired  under  favorable  conditions  of  temperature  and  pressure, 
and  even  liquids  can  make  their  way  through.  Bed-hot  iron  tubes  will 
permit  the  passage  of  gases  through  their  substance  with  great  readi- 
ness. Ordinary  coal  gas — when  under  high  pressure — is  retained  with 
diCBcnlty  in  steel  vessels,  and  it  is  well  known  that  mercury  will  i>ene- 
trate  tin  and  other  metals  with  great  rapidity,  completely  alteriug  their 
stracture,  their  properties,  and  even  their  chemical  compositions. 

Tbe  evidence  of  the  mobility  of  the  atoms  or  molecules  of  solid  bodies 
is  overwhelming.  Substances  when  reduced  to  powder,  may  even  at 
ordinary  temperatures  be  restored  tu  the  homogeneous  solid  condition 
by  pressure  only.  Thus  Professor  W.  Spring  some  ten  years  ago  pro- 
duced from  the  powdered  nitrates  of  potassium  and  sodium — under  a 
pressure  of  thirteen  tons  to  the  square  inch — homogeneous  transparent 
masses  of  slightly  greater  speciBc  gravity  than  the  original  crystals, 
but  not  otherwise  to  be  distinguished  from  them.  More  than  tliat,  from 
a  mixture  of  copper  filipgs  and  sulphur,  he  produced — under  a  press- 
are  of  thirty -four  tons  per  square  inch — perfectly  homogeneous  cuprous 
sulphide  (Gut  8],  the  atoms  of  tbe  two  elements  having  been  brought 
by  pressure  into  so  intimate  a  relation  to  each  other,  that  they  were 
able  to  arrange  themselves  into  molecules  of  definite  proportion;  and 
still  more  remarkable,  the  carefully  dried  powders  of  potash,  saltpeter, 
and  acetate  of  soda,  were  by  pressure  caused  to  exchange  their  metallic 
bases,  and  form  nitrate  orso<la  and  ucetate  of  potash. 

At  high  temperatures  the  effects  are  more  easily  produced  on  ncoount 
of  the  greatiT  energy  of  motion  of  the  atoms  or  molecules.  Iu  the 
process  of  the  manufacture  of  steel  by  cementation,  or  in  case-hardening, 
the  mere  contact  of  iron  with  solid  substances  rich  in  carbon  is  snfil- 
cient  to  permit  the  latter  to  work  its  way  into  the  heart  of  the  former, 
while  in  the  formation  of  malleable  castiron  the  carbon  makes  its  way 
oat  of  the  castings  with  equal  facility ;  it  is  a  complete  case  of  difEiisioii 
of  Bolid  substances  through  each  other,  but  on  account  of  the  inferior 
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and  restricted  mobility  of  the  particles  at  ordinary  temperatares,  a 
bigber  degree  and  longer  time  are  needed  than  with  liqaids  or  gases. 
Again,  when  by  tbe  agency  of  heat,  molecalar  motion  1s  raised  to  a 
pitch  at  which  incipient  fluidity  is  obtained,  the  particles  of  two  pieces 
will  onite  into  a  homogeneoas  whole,  and  we  can  tbns  grasp  tbe  foil 
meaningof  tbe  operation  known  as  "  welding."  By  the  ordinary  couw 
methods  but  few  substances  unite  iu  this  way,  because  the  nature  of 
the  operation  prevents,  or  at  any  rate  hinders,  tbe  actnal  contact  of 
the  two  substances;  but  wlien  molecalar  motion  is  excited  to  the  proper 
degree  by  a  current  of  electricity,  the  faces  to  be  joined  can  be  brought 
into  actual  contact,  the  presence  of  foreign  substances  can  be  excluded, 
and  many  metals  not  hitherto  considered  weldable,  such  as  tool  steel, 
copper,  and  aluminium,  are  readily  welded. 

The  movement  which  we  t«rm  radiant  heat,  acting  through  the  instru- 
mentality of  the  lumiiiiferotis  setlier  (which  is  beliovetl  on  tbe  strongest 
gronuds  to  pervade  all  space  and  all  matter)  is  competent  to  augmeDt 
the  quantity  of  movement  in  the  particles  of  snhstances,  and  generall; 
to  cause  an  enlargement  of  volume.  Agaiu,  energy  in  the  form  of  light 
operates  changes  in  the  surface  of  bodies,  causing  colors  to  fade,  and 
giving  to  photography  tbe  marvelous  power  which  it  possesses ;  decom- 
posing the  carbonic  acid  of  the  atmosphere  in  the  chloropbyl  of  green 
leaves,  and  determining  chemical  combinadoua,  such  as  chlorine  with 
hydrogen  to  form  hydrochloric  acid,  or  carbonic  oxide  with  chlorine  to 
form  chlorO' carbonic  acid.  It  in  inconceivable  that  these  effects  coald 
be  produced  unless  the  undulations  of  light  were  competent  to  modify 
tbe  molecular  motions  already  existing  in  the  solid,  liqnid,  and  gaseona 
bodies  affected. 

Electricity  exerts  a  similar  influence.  Generated  by  the  molecular 
movements  caused  by  chemical  activity,  whether  directly,  as  iu  the  pri- 
mary battery,  or  indirectly,  as  iu  thedyuamo,  it  is  competent  to  increase 
the  molecular  movements  in  bodies  so  as  to  produce  the  effects  of  beat 
directly  applied ;  it  is  capable  of  setting  up  motions  of  such  intensity  as 
to  produce  chemical  changes  and  decompositious,  to  say  nothing  of  the 
whole  series  of  pbeuomeiia  connected  with  magnetism,  with  induction, 
or  the  action  through  space  and  through  non-conducting  bodies,  which, 
as  in  tbe  case  of  radiant  heat  and  light,  seems  to  imply  the  existence 
of  an  interatomic  ether.  Oonversely,  chauges  of  molecular  eqiiilihrinm, 
brought  about  by  the  action  of  external  forces,  produce  corresponding 
chauges  in  electrical  currents;  witness  the  effects  of  heat,  for  exRmple, 
on  cooductivity,  and  the  wondrous  revelations  of  molecular  change 
obtained  by  the  aid  of  Professor  Hughes's  induction  balance. 

The  behavior  of  explosives  illustrates  also,  and  in  a  striking  mauner, 
tbe  effects  of  disturbing  molecular  equilibrium.  An  explosive  is  a  sub- 
stance which  contains  iu  itself,  in  a  solid  or  liquid  form,  all  tbe  ele- 
ments necessary  to  produce  a  chemical  change  by  which  it  ia  converted 
into  the  gaseous  state.    The  application  of  heat,  of  pressnre,  or  of  im- 
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pact,  caases  chemical  onioa  to  take  place,  first  at  the  spot  where  the 
eqoiiibriam  is  disturbed  by  the  application  of  external  forcfe,  and  after- 
wards, with  great  rapidity,  through  the  mass,  the  disturbauce  beiug 
propagated  either  by  the  air  siirrouudio^  the  particles  or  by  the  loml- 
niferOQS  tether,  with  all  the  rapidity  of  light;  the  chemical  ro-actioo  is 
accelerated  by  the  pressure  which  may  arise,  for  example,  if  the  explo- 
sive be  coaflned  io  the  chamber  of  a  gan  or  iu  the  bore-hole  of  a  blast. 
High  explosives  (as  they  are  termed)  are  comparatively  inert  to  ordi- 
nary igoitioo;  but  when  the  molecular  eqiiilibrinm  is  saddeoly  disar- 
ranged thronghoiit  the  mass  by  the  detonation  of  a  percnssioo  fuse,  com- 
biaatiou  takes  place  instantly  throughout,  aod  violent  explosion  follows. 
Id  a  similar  manner  some  gases,  sach  a  acetylene,  cyanogen,  and  others, 
can  be  decomposed  by  detonation  and  reduced  to  their  solid  constituents. 
Professor  Thorpe  has  devised  a  very  beautiful  lecture  experiment,  in 
which  carbon  disulphide  is  caused  to  fall  asunder  into  carbon  and  sul- 
phur by  the  detonation  of  fulminate  of  mercury  flred  by  an  electric 
spark.  In  these  cases  a  reverse  action  takes  place,  but  it  illustrates 
equally  well  the  conversion  of  one  form  of  energy  into  others,  and  the 
consequent  disturbance  of  molecular  equilibrium  in  the  substances 
affected.  It  seems  to  me  clear  therefore  the  time  has  come  when  the 
conception  of  dynamic  equilibrinm  in  the  ultimate  particles  of  matter 
iu  all  its  forms  must  take  the  place  of  the  structural  system  of  inert 
particles. 

I  cannot  conceive  how  the  phenomena  which  I  have  enumerated  can 
be  explained  on  the  suppositiou  that  matter  is  built  np  of  motionless 
particles; — how  for  example  a  stack  of  red  and  yellow  bricks  could 
ever  change  the  order  of  arrangement  without  beiug  com])leteIy  pulled 
asunder  and  built  up  again,  in  which  ca^e  an  intermediate  state  of  chaos 
wonid  exist :  but  I  can  easily  compieheud  how  a  dense  crowd  of  people 
may  appear  as  a  compact  mass,  streaming  it  may  be  in  a  definite 
direction,  and  yet  how  each  member  of  that  mass  is  endowed  with  lim- 
ited motion,  by  virtue  of  whiL'h  he  may  push  his  way  through  without 
disturbing  the  general  appearance;  how  the  junction  of  two  crowds 
would  form  one  whole,  though  perchance  altered  in  character;  and 
how  even  Professor  Spring's  experiments  may  be  explained  by  the  sup- 
position that  bystanders  on  the  edge  of  a  crowd  would  be  forced,  by 
external  pressure,  to  form  part  of  it  and  partake  of  its  general  move- 
ments. 

When  it  is  conceded  that  molecular  motion  pervades  matter  in  all  its 
forms,  and  that  the  solid  passes  (often  insensibly)  into  the  fluid,  or  even 
direct  into  the  gaseous,  it  follows,  almost  of  necessity,  that  there  must 
be  a  borderland,  the  limits  of  which  are  determined  by  temperature 
and  pressure,  in  which  substances  are  constantly  changing  from  one 
state  to  another.  This  is  observable  in  fusion,  but  to  a  marked  degree 
in  evaporation,  where  the  particles  are  being  incessantly  launched  into 
space  as  gas  and  return  as  constantly  to  the  liquid  state. 
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If  steel  be  lookml  upon  as  a  solution  of  carbon  and  iron,  then  the 
bardeiiiug  of  etecl  is  explaioed  by  tbe  theory  thai  dissocjation  has  taken 
place  nt  the  temperature  at  which  it  is  suddenly  cooled,  tbe  snddeu 
coolJDg  flsing  the  molecular  motion  at  such  an  amplitude  or  phase  that 
it  gives  a  characteristic  structure,  one  of  the  properties  of  which  is  ex- 
treme hardness.  In  tempering,  the  gradual  communication  of  heat 
causes  dissociation  again  to  take  place,  the  molecular  equilibrium  is 
modified  by  the  increased  energy  imparted  to  the  particles,  and  wbeii 
suddenly  cooled  :it  any  point  there  remains  again  a  distinct  subslanoe, 
composed  of  iron  and  cartwn,  partly  in  various  degrees  of  solution  and 
partly  f^e,  and  again  possessing  special  mechanical  qualities.    -    •  • 

There  is  one  more  ciroamatanoe  connected  with  my  subject  to  vhich 
I  muflt  draw  your  attention,  because,  though  its  applicatiou  to  the  me- 
chanical properties  of  snbstauces  is  very  recent,  it  promises  to  be  of 
great  importance.  I  allade  to  the  Periodic  I^w  of  Dr.  Mendel^f 
According  to  that  law,  the  elements  arranged  in  order  of  their  atomic 
weights,  exhibit  an  evident  periodicity  of  properties,  and  aa  ProfesEor 
Gamelley  has  observed,  the  properties  of  the  compounds  of  the  ele- 
ments are  a  periodic  function  of  the  atomic  weights  of  their  constila- 
ent  elements.  Acting  on  these  views,  Professor  Boberts-Anstin  has 
recently  devoted  much  time  and  labor  to  testing  their  exactness  with 
reference  to  the  mechanical  properties  of  metals.  The  iuvestigaiion  is 
surroanded  by  extraordinary  dilUculties,  because  one  of  the  essential 
features  of  the  inquiry  is  that  the  metals  oi^erated  on  should  be  abso- 
lutely pure.  For  chemical  researches,  a  few  graius  of  a  substance  are 
all  that  is  needed,  and  the  requisite  purity  can  be  obtained  at  a  mod- 
erate cost  of  time  and  labor;  but  when  mechanical  properties  have  to 
be  determined,  considerable  masses  ar^  needed,  and  the  fnnds  necesaai; 
for  obtaining  these  are  beyond  the  reach  of  most  private  individuals. 

In  view  of  the  difficulty  of  obtaining  metals  of  sufficient  purity,  be 
selected  gold  as  bis  base,  becaase  that  metal  can  be  more  readily 
brought  to  a  state  of  purity  than  any  other,  and  is  not  liable  to  oxida 
tion.  In  a  communication  to  the  Boyal  Society  made  last  year,  he 
shows  that  the  metals  alloyed  with  gold  which  diminish  its  tenacity 
and  extensibility  have  high  atomic  volumes,  while  those  which  increase 
these  properties  have  either  tbe  same  atomic  volumes  as  gold  or  have 
lower  ones.  The  inquiry  has  only  just  been  commenced,  but  it  apt>^are 
to  me  to  promise  results  which,  to  tbe  engineer,  will  prove  as  im|K)rtaut 
and  as  fruitful  of  progress  as  the  great  generalization  of  Meudel^f 
has  been  to  chemists.  A  law  which  can  not  only  indicate  the  existence 
of  unknown  elements,  but  which  can  also  define  their  proiterties  before 
tliey  are  discovered,  if  capable  of  application  to  metallurgy,  must  sorely 
yield  most  valuable  results,  and  will  make  tbe  compounding  of  allojs 
a  scientific  process  instead  of  the  lawless  and  haphazard  operation 
which  it  is  now. 
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Tbe  prsctival  importance  of  tbe  views  I  bare  enanoiated  are  I  think 
BotBciently  obvious.  Every  one  will  admit  that  an  external  force  can 
not  be  applied  to  a  system  in  motion  without  affecting  tbnt  motion; 
consequently  matter,  in  whatever  state,  can  not  be  touched  without 
changes  taking  place  which  will  be  more  or  less  permanent.  Tbe  ap- 
plication of  beat  will  cause  a  change  of  volume,  and  at  last,  a  uhaiige 
of  condition ;  the  application  of  external  stresses  will  also  produce  a 
change  of  volume;  and  it  is  natural  to  infer  that  there  mnst  be  some  re- 
lation between  tbe  two,  and  accordingly  Professor  Carnelley  has  drawn 
attention  to  tbe  fact  that  tbe  most  tenacious  metals  have  high  melting- 
points,  thoagb  here  again  there  is  a  great  want  of  exactness,  partly  on 
acconnt  of  the  difBcalty  of  measuring  high  temperatures,  and  partly 
by  reason  of  the  scarcity  of  pare  materials.  Agaia,  loug-cou tinned 
stresses,  or  stresses  frequently  applied,  may  be  expected  to  produce 
permaDent  changes  of  form,  and  so  we  arrive  at  what  is  termed  the 
fatigue  of  substances.  Stretched  beyond  their  elastic  limits,  (which 
limits  I  do  not  suppose  to  exist  except  when  stresses  are  applied 
quickly,)  substances  are  permanently  deformed,  and  tbe  same  effects 
follow  tbe  long  applicatJon  of  beat. 

The  constant  recuiTenceof  stresses,  even  those  within  the  elastic  limit, 
causes  changes  in  the  arrangement  of  the  particles  of  substances  which 
slowly  alter  tbe  properties  of  tbe  latter,  and  in  this  way  pieces  of  ma- 
chinery, which  theoretically  were  abundantly  strong  for  tbe  work  they 
had  to  perform,  have  failed  after  a  more  or  less  extended  period  of  nsc 
The  e^ct  is  intensified  if  tbe  stresses  are  applied  suddenly,  if  they 
reach  nearly  to  the  elastic  limit,  and  if  they  are  imposed  in  two  or  more 
directions  at  once,  for  then  tbe  molecular  disturbance  becomes  very 
intense,  tbe  internal  equilibriam  is  upset,  and  a  tendency  to  rupture 
follows.  Such  cases  occnr  in  artillery,  in  armour-plates,  in  the  parts  of 
machinery  subject  to  impact;  and,  as  might  be  expected,  the  destractive 
effects  do  not  always  appear  at  once,  but  often  after  long  periods  of 
time.  When  considerable  masses  of  metal  have  to  be  manipulated  by 
forging,  or  by  pressure  in  a  heated  condition,  the  subsequent  cooling  of 
the  mass  imposes  restrictions  on  tbe  free  movement  of  some,  if  not  all 
of  the  particles;  internal  stresses  are  developed  which  slowly  assert 
themselves,  and  often  cause  unexpected  failures.  In  the  manufacture  of 
dies  for  coining  purposes,  of  chilled  rollers,  of  shot  and  shell  hardened 
in  an  unequal  manner,  spontaneoas  fractarea  take  place  without  any 
apparent  cause,  and  often  after  long  delay,  the  reason  being  that  the 
constrained  molecntar  motion  of  the  inner  particles  gradually  extends 
tbe  motion  of  the  oater  ones  until  a  solution  of  continuity  is  caused. 
Similar  stresses  occnr  iu  such  masses  as  crank  shafts,  screw  shafts,  gun 
hoops,  etc.    -    -    - 

The  influence  of  time  on  steel  seems  to  be  well  establishcl ;  tbe  high- 
est qualities  of  tool  steel  are  kept  in  stock  for  a  considerable  period  ; 
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aud  it  seems  certain  that  bayonets,  swords,  and  gana  are  liable  to 
clianges  wbicli  may  accoDQt  for  some  of  the  uDsatisfactory  results  which 
have  manifested  themselves  at  tests  repeated  after  a  considerable  inter- 
val of  time.  As  all  these  things  have  been  hardened  and  tempered, 
there  must  necessarily  have  been  considerable  constraint  put  upon  the 
freedom  of  motion  of  the  particles.  This  constraint  ha«  gradually  beeo 
overcome,  but  at  the  expense  of  the  particular  quality  of  the  steel  which 
it  was  originally  intended  to  secure. 

I  have  now  laid  before  you  the  vievs  respecting  the  coDstitutioD  vS 
matter  which  I  tbiuk  are  gaining  ground,  which  explain  many  phe- 
nomena with  which  we  are  familiar,  and  which  will  serve  as  guides  in 
our  treatment  of  met»ls,  and  especially  of  alloys;  but  I  mast  admit  that 
the  subject  is  still  by  no  means  clear,  that  a  great  deal  more  definilioo 
is  wanted,  and  that  <^e  are  still  awaiting  the  advent  of  the  man  win 
shall  do  for  molecular  physics  what  Newton  did  for  astronomy  iu  ex- 
plaining the  structure  of  the  universe. 

PBTROLECM. 

One  of  the  most  remarkable  features  of  the  last  thirty  years  is  the 
intrmluctiou  of  petroleum,  and  the  woDder^il  development  to  which  the 
trade  in  it  has  attained.  Under  the  generic  name  of  petroleom  is 
embraced  a  variety  of  combinations  of  carbon  and  hydrogen,  each  of 
which  is  distinguished  by  some  special  property.  Aftordinary  t^^mpera- 
tures  and  pressures  some  nre  gaseous,  some  are  liqdid,  and  some  solid, 
and  most  are  capable  of  being  modified  by  suitable  treatment  undei 
various  temperatures  and  pressures.  The  employment  of  petroleum  iu 
the  nrts  is  still  ext«nding  rapidly.  Used  originally  for  illumiuatiug 
purt>oses,  it  is  now  employed  as  fuel  for  beating  furnaces  and  steam- 
boilers,  and  as  a  working  agent  in  beat  engines:  valuable  medicinal  prop- 
erties have  been  discovered ;  and  as  a  lubricant  it  stands  anrivalled. 

As  a  working  agent  inbeatenginesitiseniployediu  two  ways:  First, 
as  a  vai>or  generated  from  the  liquid  petroleum  contained  in  a  boiler, 
very  much  iu  the  same  way  as  the  vapor  of  water  is  nsed  in  an  eaguie 
with  surface  condenser,  the  fuel  for  producing  the  vapor  being  also 
petroleum.  Very  signal  success  has  been  obtained  by  Air.  Yarrow  and 
others  in  this  mode  of  using  mineral  oil,  especially  for  marine  purposes 
and  for  engines  of  small  power;  there  seems  to  be  no  doubt  that  by 
using  a  highly  volatile  spirit  in  the  boiler  a  given  amount  of  foel  vill 
produce  double  the  power  obtainable  by  other  means,  and  at  the  same 
time  the  maobiuory  will  be  lighter  and  will  occupy  less  space  than  if 
steam  were  the  agent  used.  The  other  method  is  to  inject  a  very  fine 
spray  of  hot  oil  associated  with  the  proper  quantity  of  air  into  the  cylin- 
der of  an  ordinary  gas-engine,  and  ignite  it  there  by  means  of  an  elec- 
tric spark  or  other  suitable  means.  Attempts  to  use  oil  in  this  way 
date  back  many  years,  but  it  was  not  till  1888,  that  Messrs.  rriestmui 
Brothers  exhibited  at  the  Nottingham  show  of  the  Boyal  i^gricnlta- 
ral  Society  au  engine  which  worked  successfully  with  oil,  the  flashiDg 
point  of  which  was  higher  than  75o  F.,  and  vaa  therefore  within  tiie 
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category  of  safe  oils.  Tbe  engiae  exhibited  was  very  like  an  ordinary 
Otto  gas-engine,  and  vrorked  in  exactly  tbe  same  cycle.  A  pump  at 
tbe  side  of  the  engine  forced  air  into  a  small  receiver  at  a  few  pounds 
pressare  to  the  sqnare  inch.  Tbe  compressed  air,  acting  by  means  of 
a  small  injector,  carried  with  it  the  oil  in  the  form  of  &ne  spray,  which 
issued  into  a  jacketed  chamber  heated  by  tbe  exhaust,  in  which  the  oil 
was  vaporized.  The  mingled  air  and  oil  was  thus  raised  to  a  temper- 
atare  of  abont  30(f>,  and  was  then  drawn,  with  more  air,  into  tbe  cylin- 
der, where,  after  being  compressed  by  the  return  stroke  of  tbe  piston, 
it  was  exploded  by  an  electric  spark,  and  at  tbe  end  of  the  cycle  the 
products  of  combaatiou  were  discharged  into  tbe  air  after  encircling 
the  spray  chamber  and  parting  with  most  of  their  heat  to  the  injected 
oil.  The  resnlts  of  careful  experiments  made  by  Sir  William  Thomson 
and  myself  on  different  occasions  were,  that  1.73  pounds  of  petroleam 
were  consumed  per  brake  horse-power  per  hour;  but  the  combustion 
was  by  no  means  perfect,  for  a  sheet  of  paper  held  over  tbe  exhaust  pipe 
was  soon  thickly  spattered  with  spots  of  oil. 

The  enormous  consumption  of  petroleum  and  of  natural  gases  f^- 
qnently  raises  tbe  question  as  to  tbe  probability  of  the  proximate 
exhaustion  of  tbe  supply ;  and  without  doabt  many  fear  to  adopt  the 
use  of  oil,  from  a  feeling  that  if  such  use  once  becomes  general  the  de- 
mand will  exceed  tbe  production,  the  price  will  rise  indefinitely,  and 
old  methods  of  illumination,  and  old  forms  of  fuel,  will  have  to  be  re- 
verted to.  From  this  point  of  view  it  is  most  Interesting  to  inquire 
what  are  the  probabilities  of  a  continuous  supply  ;  and  such  an  investi- 
gation leads  atonce  to  the  question,  "What  is  tbe  origin  of  petroleum!  " 

In  the  year  1877,  Professor  Mendel^ef  undertook  to  answer  this  ques- 
tion }  and  as  his  theory  appears  to  be  very  little  known,  I  trust  yon  will 
forgive  me  for  laying  a  matter  so  interesting  before  yon.  Dr.  Mendel^ef 
commences  his  essay  by  the  statement  that  some  persons  assume  (with- 
out any  special  reason  excepting  perhaps  its  chemical  composition),  that 
naphtha,  like  coal,  has  a  vegetable  origin.  He  combats  this  hypothesis, 
and  points  out,  in  the  first  place,  that  naphtha  must  have  been  formed 
in  tbe  depths  of  tbe  earth.  It  could  not  have  been  produced  on  the  sur- 
&ce,  because  it  would  have  evaporated ;  nor  over  a  sea  bottom,  becanse 
it  would  have  floated  up  and  been  dissipated  by  tbe  same  means.  In 
tbe  next  place  be  shows  that  naphtha  must  have  been  formed  beneath 
the  very  site  ou  which  it  is  found, — that  it  can  not  have  come  from  a 
distance,  like  so  many  other  geological  deposits,  and  for  the  reasons 
given  above,  namely,  that  it  could  not  be  water-borne,  and  could  not 
have  flowed  along  tbe  surface,  while  in  tbe  8ui)erflcial  sands  in  which 
it  is  generally  found  no  one  basever  discovered  tbe  presence  of  organ- 
ized matter  in  safBcieutly  large  masses  to  have  served  as  a  source  for 
the  enormous  quantity  of  oil  and  gas  yielded  in  some  districts ;  and 
hence  it  is  most  probable  that  it  has  risen  from  much  greater  depths 
under  the  inflnence  of.its  own  gaseous  pressure,  or  floated  up  upon  .the 
surface  of  water,  with  which  it  is  so  frequently  associated.  ^■>i'^>^l^ 
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The  proceas  of  the  formatioQ  of  petmleDm  fteems  to  be  the  followiag: 
It  is  geiierallf  admitted  tbat  the  crust  of  the  earth  is  very  tbio  in  com- 
parison  with  the  diameter  of  the  latter,  and  tbat  this  crast  incloses  soft 
or  fluid  sabstaDce,  among  which  the  carbides  ofiron  and  of  otber  metals 
find  a  place.  When,  in  consequence  of  cooliDg  or  some  other  canse,  a 
fissure  takes  place  thruogh  wbicb  a  nioantain  range  is  protruded,  tbe 
crust  of  the  earth  is  beut,  audattbe  footof  tbe  bills  fissures  are  formed; 
or  at  any  rate  the  continuity  of  tbe  rocky  layers  is  disturbed,  and  they 
are  rendered  more  or  less  porous,  so  that  surface  waters  are  able  to  make 
their  way  deep  into  the  bowels  of  tbe  earth,  and  to  reach  occasionally 
tbe  heated  deposits  of  metallic  carbides,  which  may  exist  either  in  a 
separated  condition  or  blended  with  other  matter.  Under  aacb  circnio> 
staucoa  it  is  easy  to  see  what  must  take  place.  Iron,  or  whatever  other 
metal  may  be  present,  forms  an  oxide  with  tbe  oxygen  of  the  water; 
hydrogen  is  either  set  free  or  combined  with  the  carbon  which  was  as- 
sociated with  the  metal,  and  becomes  a  volatile  snbstautie— that  is, 
naphtha.  Tbe  water  which  bad  penetrated  down  to  the  incandescent 
mass  was  changed  into  steam,  a  portion  of  which  fouud  its  way  throagb 
the  porous  substances  with  which  the  fissures  were  filled,  and  carried 
with  it  the  rapora  of  the  newly-formed  hydro-carbons,  aud  this  mixture 
of  vapors  was  condensed  wholly  or  in  part  as  soou  as  it  reached  the 
cooler  strata.  Tbe  chemical  composition  of  tbe  hydrocarbons  produced 
will  depend  upon  the  conditions  of  temperature  and  pressure  nndor 
which  they  are  formed.  It  ia  obvions  tbat  these  may  vary  between  very 
wide  limits,  aud  hence  it  is  that  mineral  oilf,  mineral  pitch,  ozokerit, 
and  similar  products  differ  so  greatly  from  each  other  in  the  relative 
proportions  of  hydrogen  and  carbon.  I  may  mention  that  artificial  pe- 
troleum has  been  frequently  prepared  by  a  process  analogous  to  that 
described  above. 

It  is  needless  to  remark  tbat  Dr.  MendeMera  views  are  not  shared  by 
every  competent  authority ;  nevertbeleas,  tbe  remarkable  permaneuoo 
of  oil-wells,  the  apparently  inexhaustible  evolution  of  bydio-cartwn  gases 
in  certain  regions,  almost  forces  one  to  believe  tbat  tbe  hydro-carboa 
products  must  be  forming  as  fast  as  they  are  couanmed,  that  there  is 
little  danger  of  the  demand  ever  exceeding  tbe  supply,  and  tbat  there 
is  every  prospect  of  oil  being  found  in  almost  every  portion  of  the  sur- 
face of  the  earth,  especially  in  the  vicinity  of  great  geological  disturb- 
ances. Improved  methods  of  boring  wells  will  enable  greater  depths 
to  be  reached  ;  and  it  should  be  remembered  that,  apart  from  the  cost 
of  sinking  a  deep  well,  there  is  no  extra  ex^wnse  In  working  at  great 
depths,  because  the  oil  generally  rises  to  tbe  surface  or  near  it.  The  ex- 
traordinary pressures,  amounting  to  300  ponuds  per  square  inch,  which 
have  been  measured  in  some  wells,  seem  to  me  to  yield  conclnsive  eri- 
denoe  of  the  impermeability  of  the  strata  from  under  which  the  oil  has 
been  forced  up,  and  tend  to  confirm  tbe  view  that  it  must  have  been 
formed  in  regions  far  below  nny  which  could  have  contained  organic 
remains.  v..aa|jiL 
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The  formal  openiDg  of  the  great  works  of  jho  Alamiaain  Brass  and 
BroDze  Company,  at  Bridgeport,  CoDnectfcut,  makes  it  desirable,  aa  a 
preliminary,  that  we  state  a  few  facta  atraut  the  unalloyed  metal  itself. 
Quite  learned  men  have  indnlged  in  wild  talk  aboat  the  metal,  which 
is  more  widely  distributed  over  the  globe  than  any  other,  being  known 
to  exist  in  two  hundred  different  minerals,  including  all  granites  ^nd 
common  clays. 

The  problem  has  been  to  extract  the  metal  cheaply,  and  chemists  of 
every  laud  have  labored  for  a  solution.  CElrsted  suggested  a  process 
of  obtaining  alnminnm  by  treating  the  chloride  with  an  alkali  metal. 
Adopted  by  Woehler,  and  modified  by  Deville,  the  process  was  "  a 
reduction  of  the  double  chloride  of  aluminum  and  sodium  by  means  of 
metallic  sodium  in  the  presence  of  cryolite."  It  waa  thus  that  Deville 
was  able  to  "bow  at  the  Paris  Exhibition  in  1855,  as  the  greatest  of  mod- 
ern chemical  wonders,  a  bar  of  what  he  styled  "silver-white  metal 
made  fVom  clay."  He  sold  aliiminam  first  at  tl5  an  ounce,  bnt  in  1857 
he  rednced  the  price  to  $2  an  ounce.  Improvements  cheapened  tho 
prodnct  still  further,  so  that  Colonel  Frishmuth,  who  cast  the  tip  of 
the  Washington  Monument  iu  1881,  w.is  able  to  furnish  the  metal  in 
bars  at  $15  a  jionnd.  In  that  year  however  be  made  only  1,800  ounces, 
and  the  entire  import  was  but  590  poands. 

Prior  to  1887,  the  entire  amount  manufactured  annually  was  bnt 
10,000  pounds,  and  it  sold  that  year  at  410  a  pound.  To  get  even  this 
small  amount  reqniretl  the  annual  mannfactore  of  100,000  poands  of 
the  donble  chloride  and  40,000  pounds  of  aodiam.  To  cheapen  these 
two  prelimiuary  processes  was  esseotial  to  the  cheap  production  of 
aluminum. 

Heuce  the  importance  of  the  process  patented  by  Mr,  Hamilton  T. 
Castner,  June  1,  1886,  which  was  the  first  patent  ever  granted  for  an 
aluminum  process  in  the  United  States.  Its  special  feature  was  a  cheap 
way  of  getting  so<lium.  He  reduced  and  distilled  it  in  hirge  iron  cruci- 
bles, raised  automatically  through  apertures  in  the  bottom  of  the  fur- 
nace, where  they  remain  until  the  reduction  is  completed  and  the  sodium 
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diatilled.  Through  tabes  in  atationaty  covers  the  distilled  metal  puan 
to  condensers,  whore  it  is  solidified.  When  the  process  is  completed, 
the  cracible  is  lowered  and  a  new  one  with  a  tresb  charge  is  sabstitated 
and  raised  into  the  furnace.  The  residoes  are  carbonate  of  soda  and 
metallic  iron,  both  of  whicb  can  again  be  ntilized.  The  process  is  as 
simple  as  it  is  ingenious,  and  tbe  temperature  required  ia  very  moderate, 
the  sodinm  distilling  as  eazily  as  zinc.  One  charge  requires  about  an 
hour,  and  a  battery  of  four  fnniaces  can  yield  a  ton  of  sodinm  a  day. 
Tbe  metal  is  kept  tram  oxidattoo  by  a  covering  of  mineral  oil  till  oaed. 

The  Deville-Oastner  process  takes  tbe  doable  chloride  finely  divided 
and  mixed  with  tbio  slices  of  sodinm,  and  empties  tbe  mixing  cjlinder 
on  the  hearth  of  a  reverberatory  furnace,  where  the  mass  quickly  melts, 
and  a  re-actioa  takes  place  that  finally  liberates  a  silvery  stream  of 
molten  alaminam,  that  ia  drawn  oat  from  below,  wbile  the  melted  slag 
runs  ofi*  from  above.  The  first  ruD  is  purest  and  contains  about  three- 
fourths  of  tbe  charge.  The  remainder  is  scraped  off  from  the  beartb, 
or  found  entangled  with  the  slag,  from  which  it  has  to  be  separated. 
The  aluminam  is  flually  re-melted  in  plumbago  crucil>le8,  aod  cast  into 
ingots,  bars,  or  plates. 

The  Journal  of  the  Society  of  ArU,  fk-om  whose  very  extended  accoDDt 
the  foregoing  is  abridged,  adds  that  day  by  day,  as  the  manalsctnre 
progresses,  improvements  are  made  whicb  either  enhance  the  economy 
of  production  or  the  purity  of  tbe  product,  and  speaks  in  tbe  faigh«t 
praise  of  the  skill,  energy,  and  perseverance  of  Mr.  Caf>tner  and  lis 
assistants,  by  whom,  more  than  any  others,  alnminnm  has  been  brought 
into  the  market  on  commercially  practicable  terms  and  in  a  condition 
of  almost  iierfect  purity. 

Grabau's  process  may  be  briefly  descrilied.  Powdered  cryolite  pat 
into  a  solution  of  the  sulphate  of  aluminum  gives  by  re-action  tbefiuoride 
of  alominnm,  which  is  then  heated  till  ready  to  evaporate.  The  heated 
flnoride  is  pulverized  and  thrown  upon  melted  sodium  contained  in  a 
vessel  lined  with  cryolite.  The  beat  generated  by  tbe  violent  re-action 
melts  the  aluminam  as  well  as  the  cryolite ;  and  tbe  molten  mass  being 
poared  out,  the  pure  aluminum  settles  at  the  bottom,  while  tbo  cryolite 
is  at  the  top.  The  main  advantage  of  this  method  over  the  Oastner 
process  is  that  it  goes  on  at  a  lower  temjierature  and  is  extremely  simple. 

I^umeroas  other  processes  are  described  by  Richqrfls  in  his  exhaustive 
work  ou  tbe  subject ;  e.  g.,  reduction  by  cyanogen,  by  hydrogen,  by  car 
buretted  hydrogen,  by  carbon  and  carbon-dioxide,  conceruiugall  of  wbicii 
Dr.  T.  Sterry  Hunt  remarks  that  "there  has  been  no  pure  aluminooi 
made  commercially  save  from  the  chloride  by  the  nse  of  sodium."  Web- 
ster is  the  chief  manufacturer  in  England  on  bis  own  patents,  and  large 
works  have  been  erected  in  France  on  Bunsen  and  Deville's  process  b; 
electrolysis. 

But  after  all,  the  only  true  rival  of  the  Castuer-Deville  process  seems 
to  be  tbe  Hall  process,  on  patents  of  Charles  U.  Hall,  and  carried  on  b,v 
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tbePitteoorgb  Redaction  Company,  wbot\renow  selling  pore alnmiuuiu 
St  a  rate  cheaper  tliau  nickel ;  and  tons  of  metal  are  rolled  by  the  Sco- 
ville  Manufacturing  Company,  of  Waterbnry,  into  sheets,  bars,  rods,  and 
tnbing  at  a  price  less  than  German  silver.  Briefly,  the  Hall  process  is 
this:  A  flnx  being  discovered  that  atamodcrate  temperature  takes  the 
ainminum  ore  into  solution,  and  that  is  of  lighter  specific  gravity,  aud 
that  also  is  anaffected  by  the  passage  of  an  electric  current,  he  fills  ft 
series  of  oarlmn-lined  steel  pots  with  the  flux,  which  is  kept  iu  a  melted 
condition.  Carbon  electrodes  are  plunged  into  these  baths,  through 
whiuh  passes  the  electric  current,  which  acts  to  send  the  aluminum  to 
the  sides  and  bottom  of  each  pot.  The  baths  are  constantly  replenished 
viUk  ore,  and  the  process  thus  goes  on  fur  an  indefinite  period,  night 
and  day,  at  small  cost,  and  demanding  bnt  little  attention. 

Ainminum,  whether  pure  or  in  combination,  deserves  to  rank  with 
tbe  Doble  metals; — althongh  in  certain  forms  it  makes  the  basis  of  our 
common  clay,  every  cubic  yard  of  which  is  said  to  contain  800  pounds 
of  the  metal ;  in  other  forms  it  is  massed  in  mountains ;  and  in  others 
still,  it  shines  among  the  most  precious  stones,  entering  into  tbe  compo- 
sition of  the  ruby,  sapphire,  topaz,  garnet,  lapis-lazuli,  and  tourmaline. 

Cryolite,  found  in  Greenland,  and  beauxite,  first  found  at  Beaux,  iu 
France,  but  since  in  Austria,  Ireland,  aud  elsewhere,  are  the  ores  relied 
on  for  tbe  manufacture  of  aluminum.  Cryolite  is  a  snow-white  mineral, 
though  often  tinged  red  or  yellow  by  impurities.  Beauiite  is  a  hard 
wbiteclay,  occurring  in  beds  many  feet  thick.  Corundum,  found  in 
Georgia,  is  the  material  relied  on  in  America  especially  for  making  the 
alloys.  It  varies  from  dull  blue  to  black,  and  exists  in  massive  form,  as 
well  aa  in  crystals.  The  cost  at  the  factory  of  these  different  minerals 
varies  from  $60  to  tI40  aton. 

Tbe  properties  of  aluminum  are  now  generally  known.  Its  color  ia 
white  delicately  tinged  with  blue,  and  it  resemblessilver  more  than  any 
other  metal.  It  takes  a  brilliant  polish,  and  may  be  rolled  or  forged  as 
easily  as  gold  or  silver,  and  may  be  beaten  into  very  thin  leaves.  It  can 
be  pressed  or  stamped  into  all  sorts  of  shapes,  or  drawu  into  very  fiue 
wire.  Its  elasticity  and  tenacity  are  about  the  same  as  virgin  silver,  but 
change  greatly  under  the  hammer.  It  is  said  to  resist  the  graving-;,  tool 
till  properly  varnished,  when  it  may  be  cut  like  copper.  Its  sonorous- 
ness is  very  curious.  Ca»t  In  bell  form  its  sound  is  sharp,  and  not  pro- 
longed ;  bat  struck  as  a  bar,  it  is  remarkably  sweet,  pure,  and  resonant. 
Ita  sound  is  resolved  into  two  tones,  related  to  each  other  as  are  D  and 
A.  For  a  musieal  instrument,  fine  effects  might  be  had  from  a  series 
of  chromatic  bars. 

In  estimating  the  relative  cost  of  alumioum  as  compared  witu  other 
metals,  we  must  take  its  specific  gravity  into  tbe  account.  A  bar  of 
alumioum  weighing  1  pound  would  be  about  fonr  times  as  large  as  a  simi- 
lar bar  of  silver,  brass,  bronze,  tin,  or  iron,  Hence,  at  an  equal  price, 
ainminum  would  be  fonr  times  as  cheap  as  silver,  but  as  it  now  ewtSjb/ 
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weight  only  oneeiglith  as  macb,  it  mast  be  relatively  aDottt  thirty-two 
times  as  cheap.  In  other  words,  the  parchaser  would  find  it  economi' 
cal  to  aae  aluminam  iD  preference  to  silver  lor  everything  to  which  it  is 
adapted.  As  a  coaductor  of  electricity  it  egnals  silver,  and  is  eiglit 
times  better  than  iron,  and  aa  a  oouductor  of  heat  it  excels  any  othet 
metal  knowo.  Keitber  air  nor  water,  hot  or  cold,  affects  it,  and  it  re- 
sists all  acids  except  bydrochloric.  It  slowly  yields  to  a  mixture  of  salt 
and  vinegar  with  a  result  aa  banoless  as  clay  itself.  It  does  not  Eeem 
to  be  affected  by  saliva,  perspiration,  or  other  animal  agents.  Hydro- 
gen, nitrogen,  sulphur,  and  carbon  do  not  affect  it,  bat  it  is  rapidly 
attacked  by  cbloriuf,  flaoriue,  iodine,  and  bromine.  From  the  above 
observation  aluminum  does  not  seem  to  have  an  intimate  analogy  widi 
any  other  known  metal,  thongh  Richards  and  Woehler  place  it  near  to 
silicon  and  boron  iu  the  carbon  series. 

Aluminum  meltsslowly  at  about  700°  C.  (1292'3F.),  without  aflnz,aiHl 
in  an  ordinary  aucovered  earthen  crucible  lined  with  carbon.  l%e 
pieces  of  divided  metal  are  first  dipped  in  benzine  to  clean  them,  and 
if  necessary,  are  treated  with  nitric  acid  and  then  put  in  the  cmcible 
little  by  little. 

A  cinder  remains  at  the  bottom  of  the  crucible.  The  molten  metal 
may  be  cast  either  in  metallic  molds  or  in  very  dry  porous  sand  with 
numerous  vents.  Deville  prefers  a  plumbago  cmcible  without  a  lid,  and 
exposes  the  red-hot  metnl  for  a  long  lime  to  the  open  air  to  allow  the 
exhalation  of  the  acid  fumes,  after  which  the  surface  is  skimmed  vitboot 
loss  of  metal.  It  is  then  cast  into  ingots.  To  get  perfectly  clean  results 
this  process  is  repeated  three  or  four  times.  The  pure  metal  thus  ob- 
tained improves  in  color  with  using,  while  what  is  less  pnre  tarnishes  in 
time,  tbongh  {lerbaps  equally  brilliant  on  first  casting. 

The  Aluminum  Company,  with  offices  at  lid  Cannon  street,  London, 
and  works  atOldbury,  near  Birmingham,  issued  a  price-list  Novem- 
ber 1, 1889,  from  which  we  quote  aluminum,  99J  to  99^  per  cent,  parity 
guarantied,  IS  shillings  per  pound ;  9S  to  99,  16  shillings  per  ponodi 
95  to  90, 1:^  shillings  a  pound. 

The  first  article  mannfactnred  from  pnre  aluminum  was  a  rattle  for 
the  youitg  Prince  Imperial  of  France,  in  1856,  the  sonoi-ousness  of  which 
was  much  admired.  It  was  next  made  into  jewelry,  medals,  and  inlaid 
work.  Its  extreme  ligbtuess  led  to  its  being  used  for  sextants,  eye- 
glasses, opera- glasses,  and  the  tubes  of  telescopes.  It  has  been  found 
useful  for  the  beams  of  balances,  for  delicate  weights,  and  iu  the  furoi 
of  fine  wire  for  embroidery.  Culinary  articles  made  from  it  were  lo  be 
seen  at  the  Loudon  exhibition  in  1862,  for  which  it  seemed  admirahl; 
adapted  on  account  of  its  lightness  and  immnuity  from  corrosion. 

Esperimeuts  have  been  rapidly  mutiplied  of  late,  under  the  enooor- 
agemeut  given  by  reason  of  the  increased  cheapness  of  the  metal,  and 
a  promising  field  is  surely  opening  for  its  employment  for  many  oma- 
mental  aiid  useful  purposes.    The  processes  of  soldering,  welding,  re- 
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neeriog,  gilding,  and  silvering  aluminam  are  miuntely  deserilieU  iu 
Bichards's  work  on  the  subject. 

The  alnminam  indastr;  is  on  a  firm  footiog,  botli  in  Europe  and 
America.  There  have  sprung  up  two  distinct  lines  of  iiiannfacture ; 
tbe  one  a  chemical  process,  and  the  other  strictly  tnetallurgical.  Xtao 
former  produces  pure  aluminum,  and  continues  to  be  a  complicated 
process  demanding  skill  and  patieuce.  The  latter  prodoces  only  the 
alloys  of  alaminnm,  and  has  been  made  extremely  simple  by  certain 
methods  not  necessary  to  be  here  described. 


ALLOYS  OF  ALUMINUM.' 


By  J.  H.  Dagoeb. 


Deville's  method,  modified  in  detail,  is  still  the  chief  of  tbe  chemical 
processes  for  the  production  of  aluminum,  and  is  dependent  upon  the 
coat  of  metallic  sodium.  Tbe  greatest  value  of  alumiunm  is  however 
ID  its  alloys,  and  the  successful  appliitation  of  tbe  intense  heat  of  tbe 
electric  arc  to  their  production  on  a  commercial  scale  marks  a  depart- 
ure in  electrometallurgy  of  which  we  can  not  overestimate  the  impor- 
tance, rendering  it  possible  to  produce  rich  allays  of  this  metal  at  half 
the  cost  of  any  other  method,  and  so  widening  tbe  field  of  their  appli- 
cation to  an  extent  hitherto  unknown. 

At  the  works  of  the  Cowlcs  Company,  Lockport,  New  York,  there  are 
in  operation  fourteen  furnaces,  tbe  electricity  for  which  is  generated  by 
three  dynamos,  capable  of  supplying  a  current  of  3,000  to  3,200  am- 
peres, and  B.  H.  F.  of  55  to  60  volts.  These  fRmaces  can  produce  2,500 
poDods  of  aluminum  bronze  (10  per  cent.)  aud  1,800  pounds  of  ferro- 
alaminum  (10  per  cent.),  or  a  total  yield  of  4^  pounds  of  contained 
aluminum  per  twenty-four  hours.  The  English  works  of  the  company 
at  Milton,  Staflronlsbire,  contain  twelve  fnrnaces  with  aSOO-horseirawer 
dynamo,  built  by  Messrs.  Crompton,  and  said  to  be  the  largest  machine 
in  England  and  probably  in  tbe  world ;  it  furnishes  a  current  of  5,000 
to  6,000  amperes,  with  an  E.  M.  F.  of  50  to  60  volts.  The  production  of 
these  works  is  2,300  pounds  alumiunm  bronze  (10  per  cent.)  and  1,800 
pounds  ferro-alominnm  (10  per  cent)  per  twenty-four  hours,  or  410 
pounds  of  contained  aluminum. 

Tbe  furnaces  are  rectangular  in  form  and  are  of  fire-brick ;  Into  eiich 
end  is  bnilt  a  castiron  tube,  through  which  the  carbon  electrodes 

'Abatract  of  »  p*per  read  before  tbe  Chemical  Section  of  tbe  Britiiili  Awociation, 
A.  8  ,  at  Newcaatle,  September,  ltW9.  (Beport  of  Briliik  Auoeiation,  vol.  i.ix,  pp. 
SW-MO.> 
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enter  the  fiirtiace;  each  electrode  coasists  of  a  handle  of  nine  cu- 
boQ8,  each  2^  inches  diameter,  attached  to  a  head  of  cast-iron  for  a 
ferroaluuiinum  fiiriiace  and  of  cast  copper  for  alomiaum  bronse  ot 
alloys  containing  copper.  This  head  is  secared  to  copper  rods,  or 
"  leads,"  which  can  be  readily  connected  with  or  disconnected  from  tbe 
flexible  cables  8u[)plying  the  cnrrent.  Each  cable  is  secnred  to  slides 
travelling  on  an  omnibus  bar  of  copper  overhead,  and  socaa  be  broaght 
into  ))08itton  optiosite  the  I'nrnaces  to  be  used.  The  electrodes  are  ar- 
ranged so  that  it  is  possible  by  means  of  a  handle  and  screw  to  advance 
or  withdraw  them  from  each  other  in  the  furnace. 

The  first  furnaces  were  lined  with  charcoal,  but  it  was  found  that  tbe 
intense  heat  converted  it  into  graphite,  which,  being  a  conductor,  not 
only  meant  loss  of  power,  but  the  destmction  of  the  furnace  walla.  This 
difficulty  has  been  overcome  by  soaking  the  charcoal  in  lime-water  and 
carefully  drying  before  use;  each  particle  of  cbarcoalis  thus  coated 
with  an  insulating  shell  of  lime. 

Lining  the  furnace  is  the  first  operation;  the  bottom  of  the  trongh 
is  covered  with  a  layer  of  prepared  charcoal,  the  electrodes  are  arranged 
in  the  furnace,  and  a  "former,"  a  sheet-iron  box  without  top  or  bottom, 
ench  end  being  arched  to  Ut  over  the  electrodes,  is  inserted ;  charcoal 
is  theu  rammed  into  the  space  betweeu  it  and  tbe  fire-brick  walls. 
This  done,  the  charge  of  ore,  mixed  with  coarse  charcoal  and  tbe  metal 
to  be  alloyed  with  the  nluminam,  in  form  of  tarnings  or  granules,  is 
placed  inside  the  iron  box,  after  which  this  is  carefully  withdrawn;  the 
space  between  tlic  electrodes  is  bridged  by  some  broken  pieces  of  car- 
bon, the  charge  is  covered  with  coarse  charcoal,  and  the  furnace  closed 
by  a  heavy  cast  iron  cover  having  a  hole  in  the  center  for  tbe  escape  of 
gases  evolved  during  the  reaction  ;  the  cover  is  luted  so  as  to  preveot 
the  entrance  of  air. 

The  commencing  current  is  about  3,000  amperes,  and  is  gradually 
increased  to  5,000  amperes ;  a  "  run  "  occupies  about  one  and  ooe-batf 
hours.  The  furnace  is  allowed  to  cool;  the  next,  ready  charged,  is  con- 
nected with  tbe  cables  so  that  the  process  is  a  continuous  one,  the  fhr- 
naces  being  successively  charged  and  connected.  The  crude  metal  from 
the  furnace  is  then  re-melted  in  an  ordinary  reverberating  furnace,  a 
sample  being  taken  from  each  run  and  nssayed  for  aluminam.  The 
nature  of  the  re-action  that  titkes  place  in  tbe  electric  furnace  is  not  vei? 
easy  to  ascertain ;  the  conditions  are  unlike  those  of  any  other  procesa 
known.  The  reduction  of  the  alnminnm  taking  place  in  absence  of  air 
and  in  presence  of  an  enormous  excess  of  carbon,  it  may  be  asanmed 
that  at  the  intense  heat  of  the  electric  arc,  the  ore  melts  and  gives  up 
its  oxygen  to  the  carbon : 

AI,0,+3C=3C0+A1,. 

In  the  absence  of  copper,  tbe  liberated  alnminum  absorbs  carbon  and 
is  converted  into  a  carbide  of  the  metal.  The  escaping  gas  which  bnnis 
at  the  orifice  in  tbe  cover  is  almost  eutirely  composed  of  OO. 

;,doo<^le 
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The  moet  valaable  of  the  alloys  are  those  with  copper,  AlDmiDum 
bronze  has  great  teoBile  strength.  A  bar  contaiDing  11  per  cent  alumi- 
num made  by  the  electric  furnace  and  teated  by  the  Leeds  Forge  Com- 
pany, limited,  gave  a  tensile  strain  of  57.27  tons,  or  128,400pouDd8  to  the 
square  inch.  Ono,coutaining  7.5  percent.  aluiuUium,  tested  by  Professor 
Unwiu,  broke  under  36.7S  tons  =  8d,713  pounds  to  the  square  inch.  In 
resistance  to  compresnion  this  alloy  equals  the  best  steel;  its  transverse 
strength,  or  rigidity,  is  aboat  forty  times  greater  than  ordinary  brass. 
Its  elastic  limit  is  biglier  tbau  tbat  of  mild  steel,  and  it  can  be  worked 
at  a  bright-red  beat  as  easily  as  wrought  iron.  Its  mechanical  and 
physical  properties  render  it  useful  for  every  variety  of  metal  work,  its 
high  price  only  having  hitherto  restricted  its  use.  Its  onormons 
strength  and  antt-corrodible  qualities  recommend  it  as  valuable  above 
any  other  alloy  for  propeller  blades,  stern  and  rudder  frames,  and  for 
hydraalic  and  engineeriug  work  generally.  With  above  11  per  cent,  the 
alloy  becomes  brittle ;  and  at  20  per  cent,  can  be  powdered  readily  in  a 
mortar.  The  addition  of  small  qnantities  of  aluminum  lowers  the  fas- 
iog  point  of  iron,  and  this  is  utilized  in  the  "  Mitis  "  castings.  It  insures 
freedom  from  blow-faoles,  increased  tensile  strehgth,  and  high  elastic 
limit.  Hr.  Keep  found  tbatO.lpcrceDt-alumiuam  raised  tbe  transverse 
breaking  strength  of  a  one- half  inch  bar,  12  inches  long,  from  379  pounds 
to  545  pounds,  or  41  per  cent.,  and  the  rcsislauce  to  impact  from  239 
poonds  to  254  pounds,  or  6  per  cent.  The  tensile  strength  of  Mitia  cast- 
ings may  be  as  high  88  27  tons  per  square  inch,  with  an  elougatioaof  20 
percent.  Anotber  alloy  made  in  ttie  electric  furnace  is  silicon  bronze, 
which,  owing  to  its  great  strength  and  tenacity,  its  resistance  to  corro- 
sion, combined  with  high  electrical  conductivity,  is  perhaps  the  best 
metal  extant  for  electric  light,  telephone,  and  telegraph  wires. 
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TBE  EIFFEL  TOWER.* 


By  Q.  Eiffel. 


The-  notion  of  &  tower  1,000  feet  in  heigbt  la  not  new.  It  has 
biiuuted  the  ima^nation  of  Englishmen  and  Americans.  As  early 
tis  1833,  the  celebrated  English  eagineer  Trevitick  proposed  to  constnict 
■.\  cast-iron  tower  1,000  feet  high,  of  which  the  diameter  should  be 
iOO  feet  at  the  base  and  4  feet  at  the  summit.  Bat  his  project  was 
never  put  in  execution,  and  was  but  imperfectly  worked  one  even  on 
paper. 

At  the  time  of  the  Exhibition  iu  Philadelphia,  in  1876,  the  great 
American  engineere,  Messrs.  Clarke  and  Beeves,  brought  forward  a  new 
project.  Their  tower  was  to  consist  of  an  iron  cylinder  9  meters  in 
tliameter  as  a  naclous,  and  supported  by  a  series  of  metal  buttresses 
disposed  round  it  and  starting  from  a  base  with  a  diameter  of  45 
meters.  This  was  a  distinct  improvement  on  the  English  project, 
altbongh  it  still  left  room  for  criticism;  and  yet  the  Americans,  in 
spite  of  their  enterprising  spirit  and  the  national  enthusiasm  excited 
by  this  conception,  shrank  from  its  executinn. 

lu  1881,  M.  S^billot  proposed  to  light  Paris  by  an  electric  lamp 
placed  at  a  height  of  1,000  feet.  This  idea,  which  has,  in  my  opinion, 
no  practical  valne,  bad  no  better  fate  than  its  predecessors.  I  need 
only  mention  the  designs,  some  in  masonry,  some  in  metal  work  and 
masonry  combined,  others,  lastly,  in  wood,  like  the  proposed  tower  for 
the  Brussels  Exhibition,  which  were  produced  at  the  same  time  as  my 
own.  Bat  all  these  romained  in  the  domain  of  fancy,  proposals  easy 
to  frame  but  hard  to  execute.  I  come  to  the  project  which  baa  been 
realized. 

In  1885,  after  the  studies  which  my  engineers  and  I  bad  occasion  to 
make  with  regard  to  the  lofty  metal  piers  which  support  railway  via- 
ducts like  that  of  Garabit,  we  were  led  to  believe  that  it  was  possible 
to  construct  these  without  any  great  difficulty  ot  a  mnch  greater 
height  than  any  hitherto  made  which  did  not  exceed  230  feet.  We 
planned  on  these  lines  a  great  pier  for  a  viaduct  which  should  bave  a 
lieigbt  of  395  feet  and  a  base  of  131  feet. 

•  From  the  Ifcv  Bmm.  Copied  in  tbe  Eclectic  Magazine,  Sept.,  1869,  Vol.  l.,  pp, 
356-309.  ,  ~  I 
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The  result  of  these  stadiea  led  me,  with  a  yiev  to  the  exbibitiOD  of 
1889,  to  propose  the  erection  of  the  tower,  now  completed,  of  which  tbe 
first  plans  bad  been  drawn  out  by  two  of  my  chief  engineers,  HeewB. 
Nougaier  and  KfBcblin,  and  by  M.  Sauvestre,  an  nrcbitect 

The  fuDdamental  idea  of  these  pylons  or  great  archways  is  based  on 
a  method  of  construction  peculiar  to  me,  of  which  the  principal  con- 
sists in  giving  to  the  edges  of  the  pyramid  a  curve  of  snch  a  nature 
th»t  this  pyramid  shall  be  capable  of  resisting  the  force  of  the  wind, 
witboat  necessitating  the  janction  of  the  edges  by  diagonals,  as  is 
usnally  done. 

On  this  principal  the  tower  was  designed  in  the  form  of  a  pyramid, 
with  four  curved  supports,  isolated  from  each  other  and  joined  only  by 
the  platforms  of  the  different  stories.  Higher  np  only,  and  where  the 
four  supports  are  suffi  ciently  close  to  each  other,  theordinary  diagonals 
are  used. 

In  June,  1886,  a  commission  nominated  by  M.  Lockroy,  then  min- 
ister of  commerce  and  industry,  flnally  accepted  the  plans  I  had  sub- 
mitted tn  it,  and  on  January  8,  lS87,tbe  agreement  with  the  State  and 
the  City  of  Paris  was  signed,  flsiug  the  conditions  under  which  the 
tower  was  to  be  constructed. 

It  is  needless  to  state  that  considerable  energy  and  perseverance 
were  required  to  attain  this  result,  for  there  was  much  resistance  to 
overcome,  and  my  project  had  many  opponents. 

But  I  was  sustained  by  the  belief  that  what  I  proposed  would  con- 
tribnto  to  the  honor  of  our  national  industry  and  to  the  snooess  of  the 
exhibition,  and  it  was  not  without  a  legitimate  sense  of  satisfaction  that 
I  saw  an  army  of  navvieabegin,  on  January  28,1887,  those  ezcavatjons 
at  the  bottom  of  which  were  to  rest  the  four  feet  of  the  tower  which 
had  never  been  out  of  my  thoughts  for  the  last  two  years. 

I  felt  moreover — in  spite  of  the  violent  attacks  to  which  my  project 
had  been  exposed  —that  pnblic  opinion  was  on  my  side,  and  that  a  crowd 
of  unknown  friends  were  ready  to  honor  this  bold  enterprise  as  soon  as 
it  took  form.  The  Imagination  of  men  was  struck  by  the  colossal  di- 
mensions of  the  edifice,  especially  in  the  matter  of  height. 

The  towers  of  Notre  Dame  de  Paris  reach  a  height  of  2X7  feet;  the 
Pantheon  260  feet;  the  dome  of  the  Invalides,  which  is  the  highest 
Dionnmeut  in  Paris,  314  feet;  Strasbnrg  CathedraA  is  466  feet;  the 
Great  Pyramid  of  Kgypt  479  feet;  the  Oathedral  of  Uonen  rises  492 
feet  from  the  ground,  and  is  only  surpassed  by  Cologne  Oathedral, 
which,  lately  completed,  attains  to  622  feet;  but  the  Americans  again 
outdid  this  by  erecting  at  Washington  an  immense  obelisk  in  masonry 
which  reaches  a  height  of  555  feet,  and  was  constructed  with  immeose 
difficulty. 

Experience  has  shown  however  that  masonry  is  not  suitable  for  A 
construction  of  the  kind.  With  iron,  on  the  contrary, — of  which  As 
properties  are  so  remarkable,  since  it  may  be  as  readily  employed  in  ten- 
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■ion  as  io  contpressioD,  aod  can  be  put  together  perfectly  b.v  rivetting — 
the  execution  preseuted  no  insurmountable  difflculties.  Moreover, 
met  il  coQstructious  can  now  bo  planned  with  such  accaracy  as  to  sanc- 
tioD  the  boldness  which  results  from  full  knowle<)ge. 

Lastly,  without  any  desire  to  flatter  onr  national  vanity,  I  may  be 
allowed  to  fiay  that  French  industry  baa  held  and  still  holds  a  high 
place  in  Enrope  in  the  art  of  building  in  iron. 

Hence  the  material  of  which  the  tower  was  to  be  built  was  deter- 
miued  not  only  by  the  fact  that  it  rendered  conatmctiou  possible,  but 
also  becaose  it  would  supply  a  brilliant  example  of  a  modern  industry 
in  which  France  has  been  more  especially  distinguished  since  its  intro- 
duction. 

The  base  of  the  tower  consists  of  four  great  piers,  which  bear  the 
names  of  the  four  cardinal  points.  The  first  matter  which  offered  itself 
for  consideration  was  the  question  of  the  solidity  of  the  foamlation  of 
these  fonr  piers.  A  series  of  borings  showed  that  the  subsoil  in  the 
Champ  de  Hars  was  composed  of  a  deep  stratum  of  clay  capable  of 
supporting  a  weight  of  between  45  pounds  and  55  ponnds  to  the  squwe 
inch,  surmounted  by  a  layer  of  sand  and  gravel  of  varying  depth,  ad- 
mirably calcnl  ited  to  receive  the  foundations.  The  actual  position  of 
the  tower  was  determined  by  considerations  relative  to  the  depth  of 
this  stratum,  since  it  was  impossible  to  rest  the  piers  directly  on  the 
day.  The  foundation  of  each  pier  is  now  separated  i^m  the  clay  by 
a  safflcient  thickness  of  gravel. 

Bach  of  the  main  supports  of  the  tower  rests  on  blocks  of  masonry, 
and  the  masonry  rests  on  beds  of  concrete  which  cover  an  area  of  60 
square  meters.  .  In  the  center  of  eacb  pile  of  stone-work,  are  two  great 
iron  bars  25  feet  0  inches  in  length  and  4  inches  in  diameter,  which,  by 
means  of  iron  cramps,  unite  almost  all  parts  of  the  masonry.  This 
anchorage,  which  is  not  necessary  to  the  stability  of  the  tower— suffi- 
ciently assured  by  its  own  weight — gives  nevertheless  additional  secu- 
rity, and  has  moreover  been  useful  in  the  construction  of  the  iron- 
work. 

It  will  be  seen  from  the  foregoing  description  that  the  foundations 
are  established  under  conditions  of  great  security,  and  that  in  the 
choice  of  materials  and  in  the  dimensions  ample  margin  has  been 
allowed,  so  as  to  leave  no  room  for  doubt  with  regard  to  their  solidity. 

Nevertheless,  to  render  perfectly  certain  that  the  feet  of  the  tower 
should  remain  absolutely  level  in  any  event,  we  have  nmde  room,  at 
the  angles  of  the  piers  where  they  rest  on  the  masonry,  for  hydraulic 
presses  of  800  tons.  By  means  of  these  presses  each  pier  can  be  dis- 
placed and  raised  as  much  as  is  uecessary  by  inserting  steel  wedges 
beneath  it.. 

The  raising  into  place  of  the  iron-work  which  forms  the  upper  part 
of  the  tower  was  accomplished  by  derricks  and  windlasses.  As  soon 
as  the  piers  reached  a  height  of  100  feet  tbeir  iocliuation  rendered 
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BCsffoldiDg  necessary  to  carry  on  the  coDStractioo  to  a  height  of  169 
feet,  at  which  poiot  are  established  tlie  horizontal  beams  anitiDg  the 
fonr  piers  aud  forming  the  skeleton  of  the  first  story.  The  Bolid  con- 
strnction  of  the  first  platform  was  a  great  step  toward  the  success  of 
the  work. 

The  raising  of  the  pillars  between  the  first  and  second  platforms  was 
rapidly  accomplisbed  by  the  same  method  as  that  employed  between 
the  gronnd  and  the  first  story,  t.  e.,  the  pieces  of  iron  were  raised  hy 
four  cranes  attatsbed  to  tlie  beams  of  the  lift  placed  io  each  pier. 

The  work  went  forward  so  rapidly  that  in  Jnly,  1888,  the  four  pillars 
were  united  by  the  beams  of  the  second  story,  at  a  height  of  3S7  feet, 
and  by  the  14th  of  the  month  the  second  platform  was  fixed,  on  which 
fireworks  were  displayed  at  the  Fgte  Rationale. 

The  erection  of  that  part  of  the  tower  comprised  between  the  second 
platform  and  the  sommit  was  carried  out  by  means  of  the  same  cranes 
aa  had  served  for  the  lower  part ;  but  these  no  longer  worked  on  an 
ioclined  plane,  but  were  raised  along  an  upright,  formed  by  the  central 
guide  of  the  higher  lifts. 

The  total  weight  of  the  ironwork  in  the  tower  is  rather  more  than 
7,000  tons,  without  counting  that  in  the  caissons,  which  form  a  portion 
of  the  foundations,  or  that  in  the  machinery  of  the  lifts. 

The  different  parts  of  the  tower  are  reached  by  staircases  and  lifts 
There  are  easy  stairs  in  the  east  and  west  piers,  which  give  access  to 
the  first  story,  and  it  is  calculated  that  by  using  one  for  ascent  and  one 
for  descent  tbey  will  allow  more  than  two  thoosaud  persons  to  go  np 
and  come  down  in  the  hour.  From  the  first  platform  to  the  second 
there  are  four  winding  staircases,  one  in  each  pier,  and  &om  the  second 
platform  to  the  summit  there  is  a  single  winding  staircase,  which  how- 
ever (nnlike  the  others)  is  not  int«nded  for  the  use  of  visitors,  but  for 
nSiciala  only. 

On  the  first  platform  is  a  covered  gallery,  with  arcades,  whence  visi- 
tors can  enjoy  a,  view  of  Paris  and  its  environs,  as  well  as  of  the  Exhi- 
bition, with  fonr  refreshment  rooms  in  the  center, — Anglo-American, 
Flemish,  Bussian,  and  French.  On  the  second  story  is  a  second  cov- 
ered gallery ;  and  iu  the  center  is  the  station  where  passengers  change 
from  the  lifts  which  move  on  an  inclined  plane  of  the  lower  half  of  the 
tower,  to  the  vertical  lifts  of  the  upper  portion. 

On  the  third  story  is  a  great  saloon  more  than  50  feet  sqaare,  shnt 
in  by  glass  on  all  sides,  and  whence,  sheltered  from  wind  and  weather, 
the  spectator  can  contemplate  the  magnificent  panorama,  15  leagues  in 
extent,  which  is  displayed  beneath  him.  Above  this  room  are  labora- 
tories and  observatories  for  aoientifio  purposes,  and  in  the  center  tto^' 
winding  stairleading  to  the  light-house  whence  the  electric  light  sh*^ 
over  the  whole  of  Paria  ^ 

Tiie  lifts  are  on  three  different  systems,  and  all  are  provided  n 


breaks,  and  otherwise  insured  against  the  possibility  of  serious 
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They  are  all  worked  by  bydranlic  power,  and  together  are  capable  of 
conveying  2,350  persons  in  an  honr  to  the  first  and  second  stories,  and 
750  to  the  summit,  the  whole  ascent  being  efl^cted  in  seven  minates. 
If  we  iDclade  the  staircases  it  will  be  possible  for  6,000  persona  to  visit 
tlie  tower  in  the  space  of  an  hour. 

The  tower  is  now  known  to  the  whole  world ;  it  has  struck  the  imagi- 
nation of  every  nation,  and  inspired  the  most  remote  with  the  desire  of 
visiting  the  Exhibition.  The  press  of  all  countries  couSrms  this  state- 
ment, and  I  have  inyselfreceivedcontinnal  proofs  of  the  universal  curi- 
osity and  interest  excited  by  the  nionnment. 

The  visitors  who  go  to  the  top  of  the  tower  have  beneath  their  eyes 
a  magnificent  panorama.  At  their  feet  they  see  the  great  city,  with 
its  innnraerable  monuments,  its  avennes,  its  towers,  and  its  domes ;  the 
Seine,  which  winds  through  it  like  a  long  ribbon  of  steel ;  farther  off, 
the  green  circle  of  the  hills  which  surroand  Paris ;  and  beyond  these, 
again,  the  wide  horizon  stretching  112  miles  from  north  to  south.  At 
night  the  spectacle  is  no  less  beautiful.  Paris  with  all  it«  lights  is  like 
fairy-land,  but  in  this  aspect  it  has  hitherto  been  known  only  to  aeron- 
auts, on  whom  its  beanty  has  always  made  a  strong  impression.  The 
CODStruction  of  the  tower  will  enable  thousands  to  contemplate  a  spec 
tacle  of  new  and  incomparable  loveliness. 

Then  too  for  Scientific  and  defensive  purposes  the  gigantic  monu- 
ment will  be  of  great  utility.  A  recent  writer,  M.  Max  de  Nansonty, 
says: 

*■'  In  case  of  war  or  seigo  the  movements  of  the  enemy  might  be  ob- 
served from  the  tower  within  a  radius  of  50  miles,  and  that  above  the 
heights  which  eucrrcte  Paris,  and  on  which  are  constructed  our  ix-w 
fortifications.  Had  we  possessed  the  tower  at  the  time  of  the  seige  of 
Paris,  in  1870,  with  the  powerful  electric  lights  with  which  it  will  be 
famished,  who  knows  if  the  chances  of  the  strife  would  not  have  been 
profoundly  modified  1  The  tower  would  be  a  means  of  constant  and 
easy  communicatiou  between  Paris  and  the  provinces  by  the  aid  of 
optical  telegraphy,  which  has  in  various  forms  attained  such  a  remark- 
able degree  of  perfection." 

The  tower  is  itself  at  such  a  distance  from  the  fortifications  that  it  is 
absolutely  out  of  reach  of  the  enemy's  battery. 

It  will  be  moreover  a  wonderful  meteorological  observatory,  whence 
the  direction  ami  the  force  of  atmospheric  currents  can  be  usefully 
studied,  from  the  point  of  view  of  science  and  hygiene,  as  well  as  the 
condition  and  the  chemical  composition  of  the  atmosphere,  the  amount 
of  electricity  and  moisture  it  contains,  the  variations  of  temperature 
at  different  heights,  atmospherical  polarization,  etc.  It  is  specially 
adaptetl  for  an  astronomical  observatory;  for  the  purity  of  the  air  nt 
this  great  height  above  the  low-lying  mists,  which  so  often  cloud  the 
horizon  of  Paris,  will  allow  of  a  namber  of  observations  often  impossi- 
ble in  our  climate.  ,  ,  . 
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I  will  not  weary  my  readers  with  the  enamerstion  of  all  the  experi- 
ments to  be  made  on  the  tower,  of  which  a  programme  has  been  already 
drawn  np  by  our  scientific  men,  and  which  inclndH  the  stady  of  the  &1I 
of  bodies  tbroagh  the  sir  the  resistance  of  the  air  to  varying  velocities, 
certain  laws  of  elasticity,  the  study  of  the  oompressioo  of  gases  of 
vapors  QDder  the  pressure  of  ao  immense  manometer  of  400  atmoe- 
pheres,  a  new  realization  on  a  great  scale  of  Foncaalt's  pendnlm 
demonstrating  the  rotation  of  the  earth,  the  deviation  toward  the  Bast 
of  afalling  body,  etc.,  etc. ;  lastly,  a  series  of  physiological  experimuLte 
of  the  deepest  interest. 

I  may  even  go  so  far  ns  to  say  that  there  are  few  scientific  men  who 
do  not  hope  at  this  moment  to  carry  out,  by  the  belpoflbe  tower,  some 
experiment  connected  more  especially  with  their  own  inveetigations. 

Thus  it  will  be  an  observatory  and  laboratory  sncb  us  was  never  nnlil 
now  at  the  disposal  of  science  ;  and  from  the  first  all  oorscieotiflc  men 
have  encouraged  me  with  their  warmest  sympathy.  Uu  my  side,  and 
in  ortler  to  express  iu  a  striking  manner  that  the  monument  which  I 
have  raise<l  is  dedicated  to  science,  I  decided  to  inscribe  in  letters  of 
gold  on  the  great  frieze  of  the  Srst  platform,  and  in  the  place  of  honor, 
the  names  of  the  greatest  men  of  science  who  have  honored  France, 
ftt>m  1789,  down  to  oar  own  day. 

Besides  all  these  uses,  which  I  might  have  explained  iu  greater  de- 
tail, bnt  which,  even  in  this  rapid  summary,  will  serve  to  show  that  we 
have  not  erected  an  object  of  barren  wonder,  the  tower  possesses  in  my 
cyes  a  asefulness  of  a  totally  different  order,  which  ia  the  true  source 
of  the  ardor  which  has  inspired  me  in  my  work. 

The  public  at  large  anderstood  this,  and  it  is  also  the  reason  of  the 
very  general  and  warm  sympathy  which  has  been  displayed  toward  me. 

My  object  was  to  show  to  the  whole  world  that  France  is  a  great 
conntry,  and  that  she  is  still  capable  of  success  whero  otbeiB  have 
Jailed. 

The  Scimitific  American  said,  in  1874,  with  reference  to  the  tower  of 
Philadelphia,  destined  to  celebrate  the  centenary  of  the  national  inde- 
pendence: "The  character  of  the  project  is  closely  connected  with  the 
purpose  of  its  erection;  the  hundredth  anniversary  of  oar  national  ex- 
istence ought  not  to  be  allowed  to  pass  without  a  permanent  memorial, 
which  an  exhibition  lasting  a  few  months  cannot  furnish.  It  is  evident 
that  in  the  space  of  two  years  no  monument  of  imposing  aspect  and 
original  iu  conception  can  beconstnicted  with  other  material  than  iron; 
from  every  point  of  view  we  could  not  choose  a  more  national  coostrac- 
tioD.  We  will  celebrate  our  centenary  by  the  most  colossal  iroa  con- 
struction that  the  world  has  seen." 

Oan  we  not  apply  to  ourselves  these  words  which,  remaining  a  dead 
letter  in  America  in  1874,  have  become  for  nsin  France  a  living  reality  t 

May  I  be  allowed  to  recall  here  a  few  words  which  I  pronounced  in 
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ioangnrattog  tbe  first  sta^  of  the  tower,  and  which  som  ap  my  ideas 
on  the  ttabject : 

"The  be^ioDing  was  difficalt,  and  oriticism  as  passionate  as  it  was 
prematnre  was  addressed  to  me.  I  faced  the  storm  as  best  I  oonid, 
thanks  to  the  constant  support  of  M.  Lokro;,  then  Minister  of  Oom- 
tnerce  and  lodDStry,  and  I  strove  by  tbe  steady  progress  of  the  work 
to  conciliate,  if  not  the  opinion  of  artiste,  at  least  that  of  engineers 
and  scientific  men.  I  desired  to  show,  io  spite  of  my  personal  insignifi- 
cance, that  France  continaed  to  bold  a  foremost  place  in  tbe  art  of  iron 
GOnstraction,  in  which  from  the  earliest  days  her  engineers  have  been 
more  particularly  distingnisbed,  and  by  means  of  which  they  have  cov- 
ered Europe  with  the  creations  of  their  talent.  Doubtless  you  are  not 
ignorant  that  almost  all  the  great  engineering  works  of  this  nature,  in 
Austria,  Bnssia,  Italy,  Spain,  and  Portugal,  are  due  to  French  engin- 
eers, and  the  traveller  discovers  with  pride,  as  he  passes  through  foreign 
conntries,  the  traces  of  their  activity  and  their  science. 

"The  tower,  1,000  feet  high,  is  before  everything  a  striking  manifesta- 
tion of  our  national  genius  in  one  of  its  most  modern  developments  ;  and 
this  is  one  of  the  principal  reasons  for  its  existence.    If  I  may  judge  by 
the  iutereat  which  it  inspires,  abroad  as  well  as  at  borne,  I  have  reason 
to  believe  that  my  efforts  have  not  been  unavailing,  aud  that  we  may  . 
make  known  to  the  world  that  France  continues  to  lead  tbe  world,  tbat  \ 
she  is  the  first  of  the  nations  to  realize  an  enterprise  often  attempted  or  I 
dreamed  of:  for  man  has  always  sought  to  build  high  towers  to  mani- 
ft<et  his  power,  but  he  soon  reoognizetl  that  the  laws  of  gravity  hampered 
him  seriously,  and  that  bis  means  were  very  limited.     It  is  owing  to  tbe 
progress  of  science,  of  tbe  engineer's  art,  aud  of  the  iron  industry,  that 
we  are  enabled  to  surpass  in  this  line  the  generations  which  have  gone 
before  ns  by  tbe  construction  of  this  tower,  which  will  be  one  of  the     : 
characteristic  feats  of  modern  industry."  -* 

So  it  is  that  I  have  wished  to  raise  to  tbe  glory  of  modem  science,  and 
for  tbe  more  especial  honor  of  French  industry,  a  triumphal  arch  as 
striking  as  those  which  earlier  generations  have  raised  to  honor  con- 
querors. 
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By  William  A.  Eddy. 


A  tower  about  1,000  feet  in  height  was  first  thought  of  during  the 
orgAoizatioi)  of  the  CenteoDial  Exposition  at  Philadelphia,  in  lS76,and 
its  possible  coostnictioD  was  disonssed  in  the  newspapers  at  the  time. 
But  coiisnitatioD  with  engineers  and  architects  probably  resulted  in 
the  coQviction  that  the  scheme  was  impracticable,  and  the  expense  be 
yond  the  value  of  the  investment,  especially  if  masonry  were  used. 
Aside  from  the  question  of  outlay,  a  serious  difficulty  in  the  construc- 
tion of  auy  kind  of  material  to  such  an  altitude,  there  are  questions  of 
pressure  and  danger  that  daunt  experienced  engineers.  M.  6.  Eiffel^ 
constructor  of  some  of  the  greatest  works  in  France,  notably  the  trestle- 
work  viaduct  at  Oarabit,  407  feet  high,  concluded  that  the  baildtngof 
such  a  tower  had  not  been  attempted  in  ancient  times,  so  far  as  known, 
because  iron  constrnction  then  lacked  the  lightness,  strength,  and  adapt- 
ability seen  in  modern  work.  The  enormous  weight  of  masonry  in  so 
great  a  mass  would  not  only  imperil,  by  its  tremendous  pressure,  the 
courses  of  atone  near  the  ground,  bnt  would  cause  an  irregular  settling  ^ 
of  the  foundations,  as  in  the  well-known  instanceof  the  Leaning  Tower 
of  Pisa.  In  modern  work,  a  pressure  of  66  pounds  for  each  square  cen- 
timeterf  is  considered  dangerous.  It  is  admitted  that  65  pounds  in 
this  proportion  is  too  extreme  for  safety,  although,  owing  to  peculiari- 
ties of  constrnction,  this  has  been  exceeded  in  some  of  the  foUowiug 
instances  cited  by  M.  Navier: 

FilUraof  thedoDie  of  the  lavalidea,  Paris J!..^9 

Pillaraof  St.  Petar'g,  Bome 36.  Off 

PillaraofSt.  PaulV,  London 42.70 

Columns  of  St.  Paul-hors-les-Miirs,  Romo 43.5S 

Pillars  of  the  toner  of  St.  Mum.  Pari* .-  64.K 

Pillars  oftbe  dome  of  tbePaotheon,  Pahs 64. M 

M.  Navier  includes  an  estimate  of  9!i.26  jK>unds  for  the  church  of  La 
Tonssant  &  Angers,  which  is  in  ruins,  and  so  not  a  convincing  example- 
It  thus  appears  that  the  resistance  in  some  daring  structures  is  from 
33  to  44  pounds,  and  only  rises  to  nearly  66  in  two  instances.  H. 
Eiffel  cites  the  Washington  Monument,  whicb  in  its  simplicity  and 
boldness  he  cousiders  remarkable.  In  M.  Navier's  estimates  given  for 
the  greatest  feats  of  architectural  engineering  in  the  Old  World,  this 

■Prom  tli8  Atlantia  Moitthls,  Jnne,  im);  vol.  lxiu,  pp.  791-727. 
tA  sqnnrs  centimeter  is  about  two-fiftbs  of  bo  inch  on  a  side. 
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huge  obelisk  stands  high  on  the  lint  of  wonderful  stractnrps,  the  press- 
ure at  ita  bane  anioantiitg  to  58.35  poDuds  in  the  proportion  above 
given.  With  the  exception  of  tiie  Eiffel  tower,  it  is  easily  a  bolder 
nuderlAkiug  than  any  other  of  its  kind  known  in  the  world,  because  it 
stands  upon  a  relatively  small  base,  with  no  side  sapport,  with  a  weight 
upon  its  foundations  of  4o,00U  tons.  This  immense  square  shaft,  about 
55  feet  on  a  side,  served  as  an  illusCratiou  of  the  diinger  in  attempting 
to  carry  mHsonry  to  a  greater  height  than  before  achieved.  Fortu- 
nately, the  foundation  settled  evenly,  but  to  prevent  probable  demo- 
lition, part  of  the  base  was  re-constrncted  and  filled  in  wilh  concrete. 
Meantime  the  structure  beg^in  to  lean  to  an  extent  that  caused  great 
uneasiness,  and  finally  the  snsiHsnsiou  of  the  work.  The  constmction 
was  begun  in  1848,  and  in  1854,  when  it  reached  a  height  of  152  feet, 
its  dangerous  condition  became  somewbat  marked.  Its  original  in- 
tended altitude  of  600  feetwas  then  reduced  to  500.  In  1880,  after 
great  diGBcnlties,  the  buse  had  been  widened  and  the  foundation  en- 
larged and  deepened.  Work  was  then  recommenceil,  and  the  masonry 
continued  upward  at  the  rate  of  about  100  feet  yearly,  until  the  top- 
most stone  was  laid  December  6,  1884.  The  inauguration  took  place 
FebmaiySl,  1885. 

An  additional  source  of  peril  in  tbe  uxe  of  masonry,  not  included  in 
the  danger  of  settling,  as  in  the  Washington  Monument,  is  tbe  insuffi- 
cient adherence  of  modern  mortar  to  great  masses  of  srom-,  causing 
serious  crumbling,  and  a  reputation  for  danger  much  to  be  dreaded. 
An  attempt  to  extend  stone  work  to  a  height  of  1,000  leet  would  cause 
an  expense  too  great  for  the  end  attaineil,  and  the  danger  of  fractnre 
would  be  incessant  and  unavoidable.  It  seems  that  we  can  excel  the 
ancients  very  little  in  the  treatment  of  masonry.  There  is  no  easily 
discovered  evidence  that  they  built  any  such  structure  higher  than  the 
great  Pyramid  of  Cheops,  originally  4hO  feet  in  height.  They  had  good 
reasons  for  this  caution.  If  tbe  foundHtions  are  solid,  the  stone  may 
disintegrate,  owing  to  the  unequal  distribution  of  the  enormous  weight, 
due  to  the  limited  power  of  tbe  mortar  to  act  ns  a  cutibion  to  eqnalize 
the  force.  The  Egyptian  and  other  ancient  budiiers  constructed  some 
masonry  without  mortar  by  poliohing  and  closely  fitting  the  stone,  bEit 
it  is  not  probable  that  they  tried  to  carry  such  work  to  a  very  great 
height.  In  some  modern  buildings  it  is  fonud  that  the  resistance  of 
very  hard  stone  increases  that  of  the  mortar.  Stone  or  brick  work 
night  reach  a  higher  point  than  the  Ei&'el  lower  by  the  invention  of 
cements  more  efficient  than  auy  now  kuuwu. 

In  considering  the  imjiurlant  qnt-stion  of  the  foundations  for  this 
great  tower,  elaOnrate  borings  were  made  in  the  Cbampde-Miirs  at 
Paris.  This  is  a  level  field  or  jiark,  altont  two  thirds  of  a  mile  long  aud 
balf  as  broad,  devoted  usually  to  thf  drilling  nf  troops  and  to  reviews, 
npon  which  the  Expositimi  buihiings  for  1889,  are  now  np|iroachiiig 
completion,  in  coinmeuioratiou  of  the  storming  of  the  fiastile  one|hun- 
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dred  years  ago,  July  14  and  15,  1789,  that  memorable  event  of  the 
French  Berolution.  It  is  intended  to  show  the  great  advancee  in  sd* 
ence,  art,  and  industry,  since  that  crude  attempt  to  establish  a  repablio. 

lu  selecting  this  location  near  the  river  Seine,  much  thought  was 
given  to  the  qnestioo  of  a  foundation,  because  even  a  slight  giving  way 
would  be  so  magnified  in  the  great  height  of  the  strnctnre  that  the 
strain  sustained  by  cross-pieces  and  braces  woald  be  far  greater  than 
calculated.  Fortunately,  it  was  found  that  the  soil  consisted  of  a  com- 
pact bed  of  plastic  clay,  53  feet  iu  thickness,  surmounted  by  a  bank  of 
sand  and  gravel,  and  all  iuctinod  toward  the  Seine.  This  seemed  well 
fitted  for  the  purpose.  M.  Eiffel  was  not  however  entirely  satisfied 
with  it.  He  therefore  increased  the  solidity  of  the  foundations  by 
means  of  caissons  (heavy  iron  boxes  with  open  bottoms)  of  compressed 
air  which  ma<le  their  way  downward  into  the  soil  partly  by  their  own 
weight  and  partly  by  the  excavation  of  the  earth  beneath  tbem.  The 
air  prevented  the  possible  rising  of  soft  clay  to  smother  the  workmen. 
Incandescent  electric  lamps  furnished  light  beneath  the  caissons,  which 
were  filled  with  heavy  concrete  that  hardened,  making  as  it  were  huge 
bricks  of  great  solidity  that  sank  still  deeper.  It  was  owing  to  this 
modern  device,  the  compressed  air  caisson,  that  a  great  danger  was 
averted.  The  remains  of  unquestionably  ancient  masonry  were  found, 
which  might  have  caused  a  dangeronsly  uneven  settling  of  tberfouoda- 
tion.  At  each  corner  of  the  tower,  which  is  square  at  the  base  and 
aboDt  300  feet  on  a  side,  there  is  a  lattice- work  pillar  that  slants  inward 
as  it  rises  upward  to  a  distance  of  about  60u  feet  from  the  ground, 
from  which  point  the  four  like  pillars  continue  together  to  the  summit. 
These  corner  pillars  are  each  50  feet  square  at  their  bases,  and  an 
connected  by  open  curved  arches.  Any  unimportant  subsidence  of  the 
foundiition  is  provided  for  by  hydraulic  presses  applied  to  iron  wedges 
that  lift  each  corner  of  the  entire,  structure,  and  so  any  defect  or  strain 
due  to  contraction  or  expansion  can  be  regulated.  The  relative  light- 
ness and  strength  of  the  material  is  such  that  the  total  weight  will  not 
be  more  for  each  square  centimeter  than  that  of  a  usual  flve-stofr 
bouse,  certainly  not  as  great  as  in  very  high  buildings  in  New  York 
and  other  large  cities.  The  pressure  upon  the  base  of  the  tower  is  not 
more  than  9  pounds  for  each  sqaare  centimeter,  while  in  the  case  of  the 
Washington  Monument  it  is,  as  we  have  seen,  more  than  S8  pounds  io 
like  proportion. 

The  fouudatiouB  became  practicable,  but  there  was  a  powerfU  and 
Irregular  force  involved  in  the  tremendous  side  pressure  of  the  wind 
upon  a  tower  presenting  so  much  vertical  surface  in  spite  of  its  open 
lattice-work.  It  is  evident  that  the  height  of  the  great  Waefaingtpii 
Monument  has  been  surpassed  only  by  the  use  of  iron,  which  has  tb^ 
power  to  bend  and  still  resist  the  force  of  the  wind  and  wbich  is  wel] 
able  to  withstand  marked  contractions  and  expansions.  Hehoriioni 
tal  vibration  is  considerable  uqde;-  t^  high  windt  at  aach  ft  ^iatADOQ 
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aboTeUie  earth.  Tbe«waymg  of  the  long  curved  uprights  will  not  be 
felt  much  by  people  at  the  sammit.  The  height  of  the  tower  is  sach 
that  the  Bsture  of  the  motion  is  gradaal  and  less  observable  than  in 
light-honses  coDstrncted  of  masoiirj,  id  whiuh  the  elasticity  is  some- 
times remarkable,  owing  to  the  quality  of  the  mortar  used.  It  is  in 
recent  years  only  that  metallic  beams  have  been  made  that  enable 
engineers  to  erect  strnctares  to  a  height  of  200  feet.  Still  farther  ad- 
vances in  the  manpfactare  of  iron  make  it  now  easy  to  attain  250  or 
even  350  feet.  So  many  onknown  quantities  require  consideration  in  a 
tower  1,000  feet  high  that  the  problem  becomes  serious  and  bard  to 
solve.  H.  Eiffel  points  out  the  significant  fact  that  the  obstacles  re- 
semble those  met  with  in  extending  a  bridge  from  500  feet  to  twice  that 
distance  horizontally,  because  of  the  great  and  accumulating  side  pres* 
sure  of  the  wind  exerted  n^ton  high  vertical  structures.  It  is  thusseen 
that  the  constrnction  is  a  greater  achievement  than  would  be  at  first 
imagined.  It  was  desirable,  while  estimating  the  tremendous  wind 
pressure,  to  avoid  the  multiplication  of  upright  beams,  involving  diag- 
onal braces  more  than  300  feet  iu  length,  which  would  result  in  an  im- 
mense ngly  iron  frame-work  resembling  an  elongated  cage,  or  trestle- 
work  railway  bri<ige  set  up  on  end,  with  a  deplorable  architectural 
effect.  Clumsy  masses  of  beams  and  braces  were  necessarily  omitted. 
The  curv^  lattice- work  before  mentioned  disiiosed  of  this  question. 

The  comer  pillars  narrow  irom  about  50  feet  on  a  side  at  the  base  to 
16  feet  near  the  summit.  They  are  anchored  o»  solid  foundation  walls, 
and  above,  are  bound  together  by  horizontal  girders,  which  serve  as 
supports  for  several  large  halls  or  assembly  rooms  at  different  heights. 
These  doors  increase  the  security  of  the  structnre.  The  uncertainty  of 
the  wind  force  and  its  extent  as  calculated  has  led  M.  Eiffel  to  be  pecu- 
liarly prudent  iu  his  methods  of  coustriictiou.  He  assumes  for  purposes 
of  safety  that  the  force  goes  on  incrensing  from  the  base  to  the  summit 
uutil  the  pressure  Is  doubled.  In  makiug  ei^timates  of  resistance  the 
iron  lattice-work  was  cousidered  a  solid  wall  taking  the  full  force  of 
the  wind.  In  the  more  open  parts  of  the  tower  the  actual  surface  of 
the  iron  was  multiplied  by  four  to  secure  safety  from  the  effects  of  a 
severe  tempest.  The  wind  in  Paris  ordiuaiily  exerts  a  strain  of  from 
13  to  15  pounds  for  each  square  meter.*  A  pressure  of  22  pounds  is 
allowed  for  in  Germany,  and  Austria,  in  metallic  frame  works  not  sub- 
jected to  the  tremors  of  passing  trains.  This  rule  also  holds  in  France. 
But  it  becomes  necessary  to  provide  for  a  much  severer  strain  when 
only  one  end  of  the  structure  is  supported,  as  in  the  Eiffel  tower. 

The  inclination  of  the  stone-work  supporting  each  corner  is  at  an 
angle  of  60°.  In  extending  upward  the  slanting  ponderous  iron-work, 
it  was  very  difficult  to  maintain  absolute  stability,  especially  before  the 
masses  bad  been  made  secure  by  girders  at  the  first  gallery.  As  the 
work  progressed  this  danger  of  displacement  (requiring  the  nttuost 
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care)  waa  lesBened  by  the  decreasiog  length  of  the  girders  that  bound 
the  whole  together.  In  high  trestle  work,  the  appareutly  slight  metallic 
bars  seem  insecnre  to  the  casual  observer,  an  effect  pecoliarly  aotice- 
able  in  the  high  skeleton  iron-work  of  the  Manhattan  Elevated  Bail- 
ToaA  near  Eighth  avenue  and  One  hnndred  and  tenth  street.  New 
York  City.  The  spindling  frame  work,  in  this  case  suggefita  weakness; 
bnt  this  is  an  illnsion  due  to  an  association  of  strength  with  the  pou- 
derons  solidity  of  masonry  or  earth-work. 

The  tower  is  spread  much  at  the  base  to  enhance  its  stability.  Per- 
haps its  height  is  exaggerated  by  the  distant  view  of  buildings  in  the 
Exposition  grounds.  The  tlrst  gallery,  which  consists  of  an  immense 
ball,  is  to  be  used  as  a  promenade  or  for  restaiirauts.  It  is  230  feet 
from  the  ground.  Still  further  up  is  the  second  gallery,  about  ItXt  feet 
sqnaie  aud  at  a  height  of  377  feet,  which  exceeds  the  altitude  of  the 
following  well-known  structures : 

FtM. 

Tbe  dome  of  Milan JGS 

Spire  of  tho  Invalidea,  pBriH 3U 

SpireBof  St.  Pu trick's  Cathedral,  New  York 333 

Stalneof  Liberty,  New  York  Harbor  (above  the  water) 3!8 

Brookli-D  Bridge  towers OT 

Oontinaing  up  the  Eiffel  tower  until  it  has  narrowed  to  about  75  feet 
on  a  side  we  come  to  a  point  where  the  four  great  pillars  combine,  at 
about  the  height  of  the  Washington  Monnment,  the  oe^  highest 
known  structure  in  the  world.  Only  three  of  the  following  poblic  edi- 
fices, aside  from  the  greatest  of  the  Egyptian  pyramids,  are  more  than 
half  as  high  as  the  Eiffel  tower:— 

F«N. 

Wa8hinKt<in  Houument 5&S 

Cathedral  of  Cologoe 53! 

Old  St.  Paul's,  Loudou  (destroyed  by  fire} 520 

Catbe  ml  of  Rouen m 

Pyramid  of  Cheops 4S0 

Cathedral  of  Siraabourg 4f5 

Caihi^ral  of  Vienna 453 

St.  Peter's,  Rome m 

Prtseut  St.  Paul's,  Loudon 104 

After  adding  SOG  feet  to  the  height  of  the  Washington  Monument, 
making  Stil  feet,  the  third  gallery  of  the  Eiffel  tower  is  reached,  where 
there  is  a  glass-iticlosed  room  32  feet  square,  surrounded  by  a  balcony. 
Surmounting  this  aud  124  feet  higher  is  a  small  observation  room,  with 
two  windows  on  a  side,  from  which  can  be  seen  Paris  and  its  environs 
for  a  radius  of  about  75  miles. 

The  elevators,  four  in  number,  are  to  be  worked  in  i>airs,  two  to  be 
nsed  for  visitors  ascending  aud  two  for  those  descending,  that  an  in- 
cessant stream  of  peojile  may  move  in  each  direction,  Tho  ascent  is 
to  be  made  no  faster  than  20  iuches  a  second,  because  great  speed  Id 
stopping  and  starling  would  be  decidedly  alarming  and  disagreeable. 

The  esciipe  of  lightning  is  to  be  provided  for  by  twueast-irouGOD- 
ducting  pipes,  about  20  iuches  in  diameter,  reaching  from  the  stiiomit  to 
the  base  and  thence  60  feet  into  the  ground, 
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The  coustTDction  of  a  tower  composed  of  carves  that  will  best  witb- 
stand  the  wind  has  prodnced  a  very  graceful  arcbitectiiral  oatline.  The 
air  of  trimness  in  the  realization  of  the  design  is  due  to  tbe  fact  that 
tbere  haa  been  no  wnote  of  material.  An  upward  moving  force  in  tak- 
ing the  direction  of  least  resistance  voald  doubtless  assuine  approxi- 
mately the  form  of  this  strncture.  Nearly  all  kinds  of  growth  acqnire 
somelbing  like  this  cone  shape  while  manifesting  concentrated  motion 
necessitated  by  snrronnding  forces.  Many  beantifnl  designs  are  founded 
npon  the  tapering  forms  of  dowers  and  of  leaves,  as  in  the  delicate 
tracery  of  frost-work.  In  building  to  secnre  safety  from  the  action  of 
the  elements,  M.  Eiffel  has  perhaps  unintentionally  followed  the  meth- 
ods of  nature,  and  thus  tbe  nrchitecural  beauty  of  his  work  has  the  best 
poseible  confirmation. 

The  vell-woru  criticism  that  this  scheme  lacks  utility  is  ever  present 
in  all  daring  scientific  enterprises.  Bat  the  value  of  this  tower  is  ad- 
mitted by  eminent  French  scientists.  It  will  take  the  place  of  the  great 
balloon  let  up  into  tbe  air  by  means  of  a  cable  worked  by  steam,  which 
was  80  successful  during  the  Exposition  of  1878.  An  ascent  can  be 
made  without  the  danger  of  collapse  or  gas  explosion  caused  by  light- 
ning, often  present  in  a  captive  balloon.  The  unexpectedly  rapid  ap- 
proach of  a  local  storm  might  cause  loss  of  life  before  the  winding-in  of 
a  balloou  could  be  completed.  The  view  of  Paris  at  night,  with  its 
seemingly  interminable  boulevards  brilliantly  lighted,  is  marvellous, 
and  snch  as  aeronauts  only  have  witnessed.  The  feeling  of  distance 
Kod  height  will  not  be  lessened  by  intervening  lower  slopes  as  in  most 
mountain  views. 

It  is  proposed  to  put  upon  the  tower  a  number  of  electric  lamps, 
powerful  enough  to  light  the  city.  The  advantage  of  such  a  system  had 
been  long  thought  of,  but  it  was  a  very  difficult  project  to  carry  out, 
owing  to  tbe  great  intensity  necessary.  It  has  been  decided  however 
that  the  Exposition  buildings  and  grounds  are  to  be  lighted  in  a  man- 
ner never  before  equalled.  In  1881,  M,  Sehillot  proposed  to  place  elec- 
tric lights  at  an  elevation  of  1,000  feet,  but  the  idea  involved  difficulties 
of  construction  and  a  waste  of  illumination  that  made  it  impracticable. 
It  has  been  found  that  to  make  printed  matter  sufficiently  legible  in  the 
park  and  gardens  of  the  Exposition,  not  less  than  three  concentric  zones, 
numbering  forty-eight  lamps,  would  be  required  at  so  great  a  height. 
With  special  reflecting  mirrors  concentrating  the  light  within  prescribed 
limits,  it  is  believed  that  the  effect  would  be  better  than  anything  be- 
fore accomplished,  so  far  as  known. 

Many  eminent  men  promptly  admit  the  value  of  the  tower  for  scien- 
tific purposes.  M.  Hervti-Mangou,  of  the  Meteorological  Society  of 
France,  points  oat  the  importance  of  observations  made  at  different  dis' 
tauces  Aom  the  earth's  surface  under  these  conditions,  and  that  experi' 
meats  of  the  greatest  interest  are  possible.  Tbe  law  of  the  decrease  of 
the  temperature  with  tbe  height  would  be  demonstrated  better  than 
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from  high  points  of  laud  or  from  vast  Ktractures  of  masoDry,  which  re- 
tain mach  heat,  canslDg  cnrrents  of  air  that  interfere  with  observatioDB 
or  make  them  inexact.  The  variability  of  rain-fail  could  be  well  ob- 
served, also  the  average  height  to  which  fog9  reach  above  the  earth's 
sarface  near  Paris.  A  relatively  complete  knowledge  might  be  gained 
of  the  volume  of  water  held  in  different  air  sti-ata.  This  would  make 
dear  the  reason  why  clouds  light  in  volame  sometimes  precipitate  so 
much  water.  As  the  condition  of  the  air  varies  with  tiie  height,  the 
advantage  of  having  instruments  far  enough  apart,  one  above  the 
other,  is  obvious.  On  calm  days,  the  general  direction  of  the  wind 
would  be  free  fivm  the  effect  of  local  heat  accomnlattou  doe  to  the  in- 
fluence of  neighboring  buildings.  All  these  phenomena  conld  be  care- 
fully observed  at  a  height  to  which  only  balloons  ascend  for  an  appre- 
ciable length  of  time.  At  this  distance  ftota  the  ground,  the  atmos- 
pheric couditious,  IVeed  from  the  sarroondiogs  of  a  monntaiDOns  or 
hilly  regiou,  are  not  precisely  known. 

A  position  above  the  fogs  that  very  often  obscure  the  horizon  of  Paris 
will  facilitate  astronomical  observations  impossible  in  ordinary  weather. 
The  vibration  of  the  tower  will  doubtless  exclode  it  from  nee  in  obtain- 
ing Che  precise  positions  of  the  stars,  as  pointed  ont  by  some  atiti«DO- 
mcrs,  but  it  will  leave  the  field  iree  to  researches  reganling  tlie  chemi- 
cal constituents  of  the  stellar  nniverse.  Observations  intended  to  es- 
tablish the  proper  motions  of  stars  by  the  displacement  of  lines  in  the 
spectrum  would  be  more  exact  at  a  height  of  1,000  feet^  than  ai  thst  of 
the  observatories.  Photograpbi';  apparatus  at  the  summit  of  the  tower 
would  be  more  efficient  in  case  of  an  eclipse  near  the  horizon,  but  work 
upon  stars  or  nebulae,  requiring  steadiness  of  position,  ought  to  be  re- 
served for  calm  nights.  In  every  case  the  moon  and  the  planets  conld 
be  studied  and  drawn  under  more  favorable  conditions.  The  known 
temperatnre  of  the  air  at  different  heights  is  also  of  great  importance 
in  astronomical  observations,  becanse  the  resulting  variation  in  refrac- 
tion is  so  often  a  matter  of  conjecture. 

In  addition  to  the  above  experiments  in  meteorology)  electrical  siuence, 
and  astronomy,  there  remain  to  be  considered  further  qaeationsof  vege- 
table chemistry,  peculiarities  of  growth  under  various  conditions,  and 
more  exact  data  respecting  the  material  eonstitoente  doating  in  the  air. 
Fnrther  and  finer  investigations  can  be  made,  showing  with  additional 
interest  the  value  of  Foucanlt's  well-known  pendulum  experiment  de- 
monstrating the  rotation  of  the  earth.  The  possible  relation  between 
magnetism  aud  gnivitation,  which  Faraday  investigated  witii  a  foiling 
body,  might  be  carried  farther  with  advantage. 

The  instantaneous  transmission  of  time  signals  for  the  benefit  of  all 
Paris,  the  more  exact  measurement  of  the  velocity  of  sonnd  under 
various  atmospheric  conditions,  the  estimated  resistance  of  the  air  as  a 
body  falls  at  given  rates  of  speed,  the  law  of  metallic  elasticity  in  the 
contraction  and  expansion  of  the  ironwork  of  the  structure,  the  study 
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oi  compressed  gases  and  vapors  with  each  exteusive  rertical  possibili 
tiea, — ttiese  are  some  of  tbe  objecis  to  be  attained  by  this  tower,  des- 
tined to  be  one  of  tbe  landmarks  of  scieutifio  advancement.  It  may  be 
of  nse  H8  an  army  signal  station  to  case  of  war  as  a  position  from  which 
to  bbserve  the  movement  of  an  enemy.  At  a  time  of  siege  or  of  inter- 
mptioQ  to  telegraphic  commanication  the  tower  conld  beosedas  a  cen- 
ter for  optical  military  signaling  for  long  distancea,  sach  as  the  70 
miles  from  Paris  to  Bouen.  In  sach  instances  an  answering  signal 
might  be  sent  f>om  a  high  hill  near  at  band. 

The  immense  outlay  of  work  in  this  great  strnctnre  cost  only  6,600,000 
francs,  tl,300,000.  There  aie  twenty-seven  iron  panels,  each  of  which 
leqaired  a  separate  diagram,  that  in  tarn  formed  the  basis  of  a  series 
of  geometrical  designs  calcalated  by  means  of  tables  of  logarithms. 
Tbe  metallic  pieces  number  about  twelve  tliouaand,  and  the  position  of 
each,  and  the  places  for  its  rivets,  had  to  be  decided  without  error.  In 
tbe  iron  plates  were  drilled  7,000,000  holes,  which  if  placed  eud  to  end 
would  form  a  tube  43  miles  long.  There  were  five  hundred  engineers' 
designs,  and  twenty-five  hnndred  leaves  of  working  drawings.  }^  was 
necessary  to  employ  forty  designers  and  calculators,  for  a  period  of 
about  two  years.  It  is  thus  seen  that  tbe  iron  forms  a  vast  complicated 
net-woA  not  easily  realized  when  contemplating  the  gracefulness  of 
tbe  completed  tower.  Tbe  large  balls  at  Levallois-Perret  bad  almost 
tbe  appearance  of  a  government  administration. 

H.  Eiffel  did  not  employ  workmen  of  special  skill,  accustomed  to  very 
high  scaffolding.  It  was  feared  that  few  conld  be  found  not  subject  to 
vertigo.  But  in  the  tower  they  did  not  work  high  in  the  air,  with  an 
open  and  dangerous  footiug.  They  were  on  platforms  41  feet  wide,  and 
as  calm  as  on  the  ground. 

It  is  proper  that  two  great  repnblics  abonld,  regardless  of  nationality, 
recognize  tbe  constructive  genius  of  M.  Eiffel,  as  they  have  already 
done  in  the  instance  of  M.  Bartholdi,  designer  and  constmctor  of  tbe 
wonderful  statue  of  Liberty  enlightening  the  World.  Mr.  Boebliug's 
great  work,  the  Brooklyn  Bridge,  thus  seeuis  exteuded  into  new  condi- 
tions. The  idea  of  a  tower  1,000  feet  high  first  assnmed  definite  form, 
it  will  be  remembered,  in  the  United  States,  and  it  remained  for  a  man 
of  constroctive  genius  in  another  and  newer  republic  to  crystallize  it 
into  an  accomplished  fact*.  The  power  of  thought  over  the  refractory 
materialsof  the  earth,  as  shown  by  the  ingenuity  of  Thomas  A.  Edison, 
a  power  which  Emerson  illastrated  in  various  ways,  is  thus  emphasized 
anew.    The  limits  of  scientific  achievement  slowly  recede. 

*  Tbe  tower  is  desigDCd  to  be  300  meteTB  (9S4  feet)  bigh.  A  slight  ftdditioo,  mak- 
ing it  1,000  feet,  coald  be  euil;  made. 
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Soine  time  before  tbeopeuing  of  the  Paris  Exhibition  it  was  atiDonnced 
that  one  of  tbe  attractions  of  tbe  show  woald  be  a  great  terrestrial  globe, 
one  millioDtb  of  tbe  actaal  cize  of  the  earth.  The  globe  is  now  exhib- 
ited in  a  building  Bpevially  erected,  near  the  Eiffel  Tower,  for  the  pur- 
pose, and  it  excites  tbe  warmest  interest  among  all  visitors  who  have 
devoted  thesIightestattentioD  to  geographical  science.  Itwasdesigned 
by  MU.Tillard  and  Cotard,  and  these  gentlemen,  who  have  received 
many  congratolations  on  their  snccess,  have  lately  issued  an  account 
of  the  manner  in  which  their  project  haa  been  realized. 

Maps  on  aplaoe  surfacegive,ofconrse,  a  very  inadequate  impression 
of  the  real  appearance  of  onr  planet;  and  ordinary  globes  are  too  small 
to  indicate,  even  vaguely,  the  extent  of  the  spaces  represented  ou  them. 
The  idea  of  making  a  globe  one  milliontb  the  size  of  the  earth  deserves, 
therefore,  to  be  described  as  a  "happy  tboogbt,"  for  although  the  mean- 
ing of  a  million  may  not  be  fnlly  appreciated,  it  is  not  absolutely  iuac- 
cessible  to  the  human  mind.  When  we  see  a  place  or  a  district  marked 
on  a  globe,  and  learn  that  tbe  reality  is  a  million  times  larger,  the  pro- 
portions are  impressively  suggested,  with  at  least  some  approach  to 
a4Msnracy. 

The  diameter  of  the  globe  constructed  by  MM.  Villard  and  Cotard  is 
12.73  meters,  (42  feet).  It  has  a  circumference  of  40  meters  (131  feet), 
and  a  millimeter  of  its  surface  represents  a  kilometer  (a  little  more 
than  15|  miles  to  the  inch).  The  globe  consists  of  an  iron  frame-work 
made  chiefly  of  meridians  united  to  a  central  core.  This  structure 
is  carried  by  a  pivot  restiug  on  an  iron  support.  To  tbe  meridians 
pieces  of  wood  are  attached,  and  on  these  are  fixed  tbe  panels  compos- 
ing the  surface  of  the  globe.  These  panels  are  made  of  sheets  of  card- 
hoiud  t»ent  by  hand  to  the  required  spherical  shape,  and  covered  with 
plaster  specially  hardened.  Fig.  1  shows  how  they  are  applied  to  tbe 
underlying  structure.  The  total  surface  is  divided  into  forty  spindle- 
shaped  spaces,  the  breadth  of  which  at  theequatoria  exactly  one  meter. 
Each  "  spindle"  or  gore  is  itself  sub-divided,  so  that  there  are  600  panels 
of  various  dimensions.  The  designs  are  painted  on  tbe  panels  before 
they  are  put  in  their  place,  in  order  that  the  globe  may  ultimately  be 
easily  dismantled  and  removed. 

•  Prom  JVoiure,  Juli- la  1BB9.-  vol.  XL,  pp.  278-290.  lolc 
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The  edifice  in  which  the  globe  is  shown  has  a  metallic  &ame<work 
forming  a  cuiwla.  It  is  lighted  from  abore,  and  by  the  great  glass 
frames  of  the  sides.    From  a  terrace  or  a  narrow  foot-bridge  at  the 


npper  part  the  visitor  can  see  the  polar  and  temperate  regions  of  the 
northern  hemisphere.  As  he  descends,  he  is  able  to  see  in  snccession 
all  the  regions  of  the  globe  to  the  south  pole.  At  the  bottom  he  conies 
to  the  support  of  the  globe  with  the  appnratas  for  putting  it  in  motion 
(Fig.  2). 

Even  the  loftiest  moantains,  if  shown  in  relief,  conld  only  have  been 
represented  by  elevations  a  few  millimeters  in  height.  Conseqaentiy 
the  various  monntaio  ranges  have  been  painted  on  the  snribce.  The 
varions  depths  of  the  ocean  are  indicated  in  a  similar  manner. 

To  facilitate  the  stady  of  the  globe,  it  has  been  mounted  with  its  axil 
veitical,  and  it  may  be  turned  upon  the  pivot  which  carries  it.  If  iU 
rotation  were  made  to  equal  that  of  the  earth,  at  ita  equator,  a  point  of 
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its  sarface  would  move  at  tbe  rate  of  half  a  millimeter  in  the  seootid. 
This  movemeut  woald  scarcely  be  visible,  bat  it  would,  of  conrse,  rep- 
resent an  actual  moremeut  of  tbe  earth  over  balf  a  kilometer  ia  tbe 
same  time. 


A  fignre  of  the  moon,  corresponding  to  this  one  of  tbe  earth,  would 
haTeadiameterof3.50meters  (11^  feet),  and  woald  be  384  meters  (about 
a  quarter  of  a  mile)  distant.  A  like  figure  of  the  snn  would  hare  a  di- 
ameter of  i,400  meters  (4,S93  feet,  or  nearly  five-sixtbs  of  a  inile),  and  be 
distant  about  150  kilometera  (93  miles.)  The  diameter  of  a  globe  repre- 
seating  Jupiter  on  the  same  scale  would  be  one-balf — that  of  a  globe 
representing  Saturn  on  the  same  scale  would  be  a  little  more  than  one- 
third—of  the  height  of  the  Eiffel  Tower. 

This  is  not  the  first  occasion  on  which  an  attempt  has  been  made  to 
snggest  by  means  of  a  great  globe  the  size  of  the  earth,  and  the  extent 
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of  its  oc«aua  and  land  maBses.  Tbe  globe  of  the  ChSte&a  of  Marly, 
which  is  sLill  to  be  seeu  in  the  Xatiooal  Library  of  L'aria,  excited  niQch 
admiration  in  the  age  of  Loniu  xir,  bnt  it  has  only  a  diameter  of  abont 
6  meters,  and  is  mnch  less  eSective  for  its  purpose  than  it«  soccessor  in 
the  Faris  Exhibition. 

It  is  significant  of  the  present  state  of  onr  knowledge  of  tbe  interior 
of  Africn'that  the  makers  of  the  globe,  in  preparing  ttieir  maps,  bad 
twice  to  alter  their  representation  of  that  coutinont  in  order  to  indicate 
t^e  resnlts  of  the  most  recent  geographical  discoreries. 
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By  Walter  B.  Scaife,  Ph.  D.  (Vienua). 


Introduction. — Xlie  designatioQ  of  the  situation  of  places  oo  the  ear- 
face  of  the  earth  by  their  latitude  and  longitnde  is  such  a  common  oc- 
cnrrence  that  one  rarely  stops  to  asic  how  these  quantities  are  deter- 
miued,  much  less  to  consider  the  evolution  of  the  ideas  which  form  the 
basis  of  the  usage,  or  to  study  the  slow  progress  of  events  through 
which  (even  after  the  theory  was  perfected)  accuracy  of  observation  and 
measurement  was  first  made  possible,  while  new  and  improved  metli> 
ods  were  being  invented  for  representing  the  results  thereof.  Though 
latitude  and  longitude  are  so  intimately  connected  in  usage  and  thonght, 
the  methods  of  determining  them  are  different,  and  each  has  its  own 
peculiar  historical  development.  Hence  they  cau  be  separately  treated 
without  injury  to  the  whole  subject;  and  this  article  accordingly  is 
coaflned  to  the  consideration  of  the  historical  evolution  of  geographical 
latitude  alone. 

The  word  latitude,  signifying  breadth,  was  adopted  by  the  early  geog. 
niphers  to  designate  situation  to  the  north  or  south,  in  coutradistinc- 
HoD  to  east  and  west,  because  the  then  knowu  world  was  longer  fVom 
east  to  west,  which  was  hence  called  the  length,  than  from  north  to 
Boatb,  which  was  then  naturally  styled  the  breadth.'  The  fact  that 
the  earth  is  spherical  and  so  cau  have,  accurately  speaking,  uo  length  or 
breadth,  has  not  altered  the  uomeuclature  adopted  in  the  infancy  of  the 
science.  The  technical  meaning  of  the  word  latitude  now  includes  how- 
ever much  more  than  tbecrndeideaof  mere  distance  north  of  south  of  a 
given  point.  It  takes  for  granted  the  sphericity  ot  the  earth  and  its 
division  by  imaginary  lines  running  eust  and  west,  whose  distances  from 
each  other,  though  not  exactly  equal,  mark  the  intersection  with  the 
earth's  surface  of  plumb  lines  forming  equal  angles,  each  one  to  the 
next.* 

The  very  fact  of  thinking  of  the  earth  as  a  whole  shows  that  an  in- 
dividual or  a  people  has  made  considerable  progress  in  civilization,  for 

'  PtotemtBDs,  Oeographica,  lib.  i,  cap.  vj.  Tbe  ongio  of  the  idea  is  ascnbed  to 
Democritns  of  Abderos.    (D'Avezac,  Cuup  d'oiil,  3ti6,  note  10;  Lelewel,  i,  vi.) 

'WhcD  we  speak  of  tl>e  latitiido  of  a  pliice,  tben,  we  mean  in  reality  not  its  dis- 
tance f^om  the  equator,  meaaiired  on  the  earth's  surface,  bqt  the  angle  whiob  a  plumb 
JineMthatpUoeJorajs  with  tlie  plane  of  the  equator,  {'"  ,^,^,t],-. 


760  OEOOHAPHICAL  LATITUDE. 

among  aavages  tbis  coDCeption  seems  to  be  laokiDg.  Bat  as  sood  as<Nie 
forms  an  idea  of  the  whole  and  begins  to  comprehend  its  Tastness, 
tbere  arises  the  necessity  of  systematic  division,  in  order  to  avoid  men- 
tal confnsioD.  Even  among  fairly  educated  people  of  to-day,  there  ex- 
ista  frequently  no  adequate  conception  of  the  size  of  the  varioas  conti- 
nents, not  to  speak  of  the  earth  as  a  whole.  Thoaghtfiil  men  at  an 
early  period  recognized  this  necessity  of  division  and  hit  upon  a  rode 
method  for  establishing  one ;  bat  there  was  a  long  distance  between 
the  first  crude  trials  and  the  marvelloas  accuracy  of  the  methods,  in- 
stntments,  and  results  of  the  present.  From  the  oouception  to  the  at- 
tempt at  pictorial  representation  was  a  step  which  was  certain  sooner 
or  later  to  be  talieu,  and  progress  in  the  art  of  map-making  haa  held 
equal  pace  with  the  advance  of  geographical  scienoe. 

^hericity  of  earth. — As  the  theories  of  the  orientals  as  to  the  form 
and  nature  of  the  earth  generally  rested  upon  fontasy,  and  not  apon  a 
scientific  basis,  they  may  be  neglected  in  the  consideration  of  the  sub- 
ject in  band,and  the  attention  beat  once  directed  to tbeOreeks,'  who 
created  the  science  of  geography. 

The  beginnings  of  astronomy  and  geography  were  very  closely  con- 
nected; not  as  now.  when  the  earth  is  recognized  as  a  mere  atom  in 
the  immensity  of  the  universe,  but  considering  the  earth  as  the  very 
center,  toward  which  all  was  attracted'  and  aronnd  which  the  uni- 
verse revolved.^  As  to  who  first  taught  the  doctrine  of  the  sphericity 
of  the  earth  it  is  difficult  to  decide.  To  Thales,*  Parmenides,*  and 
Pythagoras,'  respectively,  tbis  honor  is  ascribed.  However  that  may 
be,  tbere  was  scientific  proof  of  the  doctrine  lacking  till  the  great 
minds  of  Aristotle  and  Archimedes  took  the  subject  in  hand.^  Itefore 
scientific  grounds  were  arrived  at,  various  reasons  were  given  by  the 
several  philosophers  for  their  opinions.  The  well  knowu  one  of  the 
Pythagorean  school,  that  the  earth,  being  the  center  of  the  universe, 
mutt  have  the  most  perfect  form,  viz,  spherical,  is  perhaps  as  good  as 
any.  Strabo,  although  much  later,  considers  it  suffloient  to  maintain 
that  the  spherical  form  of  the  earth  follows,  as  a  matter  of  coarse,  from 
the  construction  of  the  universe.' 

'Delaoibre,  Aatron.  anclenne,  i,  ix.  "  C'eat  done  obex  les  Grecs,  etchez  eox  wdIs, 
qn'il  DouB  faut  oberoher  I'origiDe  et  l«a  monameDto  d'uae  scieaae  qa'ils  oot  ci<te  et 
qne  eeuU  ils  ont  en  lea  moyens  de  crtor." 

Lelewel,  vii.  "  lis  [l«a  Orecs]  ont  pn  voir  et  ezkininer  lea  cartM  ^jptieniiM,  pti6- 
nicienDes  el  dee  oiientans :  mais  il  a'j  tcoov«ient  rien  pour  leor  aabAoiB,  qD'ilsiUtM>- 
laient  snr  leor  propre  terrain." 

'fJroMkurd'a  Strabo,  lib.  ii,  Abt.  iv.  ?  2.  Vol.  i.  p.  180. 

'MBDiiert,  I.  9S. 

*DelBmbr«,  AatroD.  aacienoe,  i,  14. 

'Sprenger,  Aaslaud,  1067,  p.  104^. 

sMiidler,  Oesoli.  d.  Himmelakniide,  i.  38,39. 

•  OUDtber,  Qeopbyaib,  i.  130. 

'  FOTbigec'i)  Stnbo,  lib.  i,  cap.  iii.  i  3.  p.  77, 78. 
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It  wae  early  seen  that  the  earth,  with  its  numerous  elevations  aod 
depreBsioDS,  could  uot  be  a  perfect  sphere ;'  which  Strabo  in  truly  phil- 
osophical manner  avoids  by  remarlcing  that  iu  immensity  things  so 
small  disappear.*  Pliny  however  offers  another  solution  of  the  sub- 
ject by  maintaining  that  an  ideal  circumference  resting  on  the  tops  of 
the  mountains  would  form  a  perfect  sphere.^  AlCbongh,  as  has  been 
shown,  a  few  learned  specialists  among  theGreeks  and  Romans  believed 
and  taaght  that  the  earth  is  spherical,  this  belief  not  only  never 
descended  to  the  masses,  but  was  rejected  by  such  scholars  as  Herodotus* 
and  Tacitus.* 

Firat  circlea. — The  comprehension  of  a  subject  often  involves  two 
processea  of  thought,  viz,  a  conception  of  the  whole,  which  is  then 
divided  into  parts,  in  order  by  the  investigation  of  the  several  parts 
to  arrive  at  length  at  a  just  understanding  of  the  whole.  In  this  man- 
ner the  science  of  geography  has  been  brought  to  its  present  high 
level.  There  could  be  no  other  divisions  of  the  surface  of  the  earth 
than  those  arising  out  of  natural  physical  features  or  of  political 
borders,  before  man  had  formed  an  idea  of  the  whole.  Having  arrived 
at  this  point,  it  was  a  natural  step  that  the  five  circles  by  which  Thales 
had  divided  the  heavens*  should  be  applied  to  the  earth's  surface.* 
Strabo  quotes  Poseidonins  as  authority  for  regarding  Parmenides  as 
the  inventor  of  the  division  into  five  zones,  who  however  made  the 
torrid  zone  extend  beyond  the  tropics,  -to  which  limits  it  was  re- 
duced by  Aristotle.  The  latter  however  is  also  criticised  by  Strabo 
for  making  the  *'  burned "  zone  too  broad,  inasmuch  as  at  least  half 
the  distance  between  the  Tropic  of  Cancer  and  the  eqnator  is  known  to 
be  inhabited.  As  it  was  accepted  as  fact  that  the  "  burned"  zone  was 
aoinhabitable,  its  northern  limit  could  not  extend  iartber  than  the 
southern  boundary  of  Ethiopia.*  Later  StratM)  seems  to  have  forgotten 
bis  olgection  to  Aristotle's  division  and  himself  adopts  the  zones  as 

■  Fotbiger'8  Strabo,  lib.  i,  cap.  iii. 

>  This  is  fine);  illustrated  U;  Pror.  AlbKohC  Fenck,  id  bis  pamphlet  on  "  Tboorien 
ttber-doa  Oleichgowicbt  der  Ecdkrual«,"  Wieu,  18H9,  pp.  11,12.  He  ettjs:  "Aber 
J«ner  Beacbaaer,  der  aich  in  dea  Weltraum  begeben  koout^,  wird  bald  die  llohan  Uu- 
tanchiede  zwiBohen  Berg  und  Tbal  verscbwindeD  sebeo,  die  gewaltigen  Featlaods- 
pUteaax  WBiden  ibm  alltnitblich  oiit  dem  Meeresboden  veriracbsea,  dem  sie  aufge- 
Mtxt  aiad,  and  schlieBBlich  wird  aich  der  ganze  £rdball  aeinein  Blioke  darbieten. 
Denelbe  wUrde  ibiu  ala  Kogel  erecbeineD." 

*8(rack'a  Pliotus,  i.  p.  107.  L.  ii.  64. 

^HoDiiert,  I.  4. 

■Peaohel,  0«aob.  d.  ErdkuDde,  a^. 

■Delambre.Aatton.  aooieDne,  I,  l!>.  Bsill^,  Hist,  de  I'ostroD.,  19G,  says,  aa  usual,  tbe 
ide»  woa  not  origiDol  witb  bim,  but  saggMted  by  UlfWM  (p.  187). 

'Delombre,  IMd  I,  257,  Monbing  tbe  applicatiou  to  Hipparobns,  Strabo  calls  Par- 
meDideatbe  "inventor"  of  the  diviatoD  of  tbe  earth  in  fivezoooa.  Grosakurd's  Strabo, 
lib.  i).  Abt.  li.  $  1.  Vol.  I.  pp.  154  et  »eq.  Lelewel,  Q4og.  d.  moy .-Age,  vil,  ascribeg  tke 
application  to  Bndoxaa  of  Cnidoa. 

f  Groeaknrd'a  Mtrsbo,  lib.  ii.  Abt.  ii,  J  I.  Vol  i  pp.  IM  d  »n-  ,  -  r 
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exactly  correapondjog  to  the  five  circles  of  the  heaveo.'  Pliny,  od  the 
other  baud,  takea  the  uaaies  of  the  zones  literally,  and  considers  the 
whole  torrid  zone  uninhabitable,  aud  bo  preventing  alt  interconise 
between  the  two  temperate  zones.* 

The  Greeks  however  did  not  arrive  at  one  bound  at  the  exact  divis- 
ion of  the  earth's  surface.  Tbe  starred  heavens  passed  over  their  heads, 
making  it  impossible  to  8eeand  stady  much  while  remaining  at  the 
same  place.  Exact  knowledge  of  the  world  was  not  thus  attainable; 
practical  information  gained  by  observation  and  travel  was  neoessat; 
as  a  foundation  for  tbe  complete  application  to  geography  of  the  lines  of 
astronomy.  Though  adopting  theoretically  the  five  main  parallels  of 
the  astronomers,  the  early  geographers  felt  the  necessity  of  haviug  a 
working  basis ;  and,  leaving  the  equator  at  one  side  as  a  practically  un- 
known quantity,  they  adopted  aa  a  central  line,  a  parallel  passing 
throngb  a  place,  (Rhodes,^)  not  only  important  in  itself,  but  also  far 
them,  the  practical  middle  between  the  north  and  sontb,  inhabited  world. 
This  line  was  proposed  by  Bratosthenes,  and  passed  fiom  the  Pillars  of 
Hercnles  throngb  the  Strait  of  Messina,  Southern  Greece,  Bfaodes,  then 
on  throngb  Asia  to  the  mountains  forming  the  (imaginary)  nortiieast 
bonndary  of  India.^  This  parallel  is  known  as  tbe  Diaphragm,  and 
is  generally  supposed  to  have  been  so  named  by  the  Greeks,'  bat  a 
modern  French  investigator  says  be  was  unable  to  And  this  designatioD 
-among  tbe  ancient  Greek  geographers.^  Following  the  policy  of  em- 
ploying an  arbitrary  line  aa  a  center,  largely  if  not  mainly  because  of 
it«  local  importance,  other  parallels  to  the  north  and  south  were  adopted 
because  they  passed  through  well  known  places.  The  spaces  thus 
divided  off,  bad  no  fixed  arithmetical  relation,  but  were  supposed  to  mart: 
olimatical  differences,  and  received  hence  the  name  dimatet,  Eratos- 
thenes made  a  division  of  the  entire  known  earth  into  four  great  rect- 
angles which  he  called  ^hragides,''  and  these  in  turn  into  twelve  cli- 
mates.* The  latter  were  reduced  to  eigbt  by  Hipparchus,' and  later 
increased '"  until  they  became,  in  the  work  of  Ptolemy,  twenty- three." 
However,  the  diviaiou  of  tbe  earth  into  five  zones,  as  is  now  ciu- 
tomary,  was  adopted  by  Parmeuides,  sanctioned  by  the  authority  of 

'OnMskurd'sStrabo,  lib.  il.  Abt.  iv.  $3.  Vol.  i,  pp.  161-2. 

<8crack'HPliniiis,  i.  Hi.  lib.  ii.  68. 

"  B«rget,  Frag.  d.  Hipparcb,  72.  Growkuril'B  Strubo,  lib.  ii.  Abt.  i.  $  I,  not4 ).  p. 
110.    Used  first  by  Dic^arcbOB.  Hsanert  i.  90. 

'ForbJger'B  Strabo,  lib.  ii.  cap.  i.  }  ].  MaDneit,  i.  90,  girM  tbe  boDor  of  first  bavinc 
proposed  tbia  line  to  Diosarcbus. 

'Term  already  employed  by  Diciearobus,  Sprengei,  AoBland,  1867,  p.  1045.  Gnt- 
knrd'B  Strabo,  lib.  ii.  Abt.  i.  *  1,  note  1,  p.  111). 

'  D'Avezao,  Conp  d'ccil,  etc.,  p.  269,  note  9. 

'  QrosskDrd'a  Strabo,  lib.  i.  Abt.  i.  $  13.  Vol.  i.  p.  128. 

'LelEwel,  Bres.  £d.  1. 1. 

■GroBBkard'H  Strabo,  1.  215-17,  lib.  ii.  Abt.  \v.  f  26. 

'"  Sprenger,  ADalaod,  1867,  p.  1043. 

"  Maonert,  1. 130.  n,g,t,..dM,GoO<jlc 
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Aristotle,'  aod  accepted  by  Strabo,  attboagh  the  latter  expressly  says, 
the  whole  of  the  "  burued  "  (torrid)  zone  is  uot  readerod  uuiuhabi table 
by  excessive  heat,  "as  we  coDolade  from  the  Ethiopians  above 
Egypt."*  At  the  same  time  the  theoretical  divistoa  of  circles  into 
eqnal  parts  was  not  lost  sight  of.  From  Babyloo  the  Greeks  received 
the  daudecimal  division  of  the  Elcliptic,  fmm  which  was  developed  the 
present  oustom  of  dividing  a  circle  into  '360  degrees.  The  latter  was 
also  borrowed  from  Babylon,'  or  first  proposed  by  HippHrchiis;^  but 
for  a  long  time  gave  way  to  the  Eratostheuiau  division  into  6U  degrees,^ 
until  revived  aud  made  popular  by  the  antbority  of  Ptolemy.  Cleom- 
edes  proposed  a  division  into  ISdegraes,  allowiugltoeach  signof  tbe 
zodiac,^  bat  seems  to  have  bad  uo  following. 

Methods  and  instruments. — In  these  days  of  exact  scientific  research 
one  can  scarcely  realize  the  crudity  of  method  and  the  indifference  to 
exactness  wtiich  characterize  the  work  of  many  of  (be  suUulara  wf 
antiquity,  aad  this  is  particularly  striking  in  their  geographical  in- 
vestigatious.''  Not  only  did  they  accept  the  tales  of  sailors  as  facts, 
and  found  theories  tberoon,'  but  they  were  so  easygoing  us  uot  to 
hesitate  to  change  the  resultof  their  most  cureful  calcatatious  in  order 
to  have  rouud  numbers  to  work  with."  That  the  tiuu  chaoges  its  iK>»i- 
tion  in  the  heavens  at  tbe  differeut  seasons  of  the  year  ant)  tUat  the 
length  of  shadows  varies  accordingly,  were  inacters  of  early  obser- 
vation ;  also  that  tbe  duratiou  of  the  longest  day  is  ilifiereut  accurdiug 
to  position  north  orsouth.  These  fautscombiued  furuished  tbei-arlicsi 
bauls  for  determining  latitude.  The  known  avcoaut  of  the  woll  at 
Syene,  directly  over  which  the  sun  stood  at  noun  at  tUe  sukiukt 
solstice,  whether  trae  or  nut,'"  gives  an  idea  of  tbe  rude  iiielhoil  (if 
determining  astronomical,  or  in  this  case  also  geugrapbicat    pdints, 

■  HaDDort,  I.  100. 

-  Groaknrd'a  Strsbo,  lib.  ii.  Abt.  il.  i  1.  Vol.  i.  pp.  154-5.  Spreoger,  Aaelaod,  lcH!7, 
p.  1043. 

'Peaobel,  Oesob.  d.  Erdkunde,  43. 

*  Berger,  FragmeDta  d.  Hipparcb.,  44. 

'^D'AvezM,  Coup  d'mil  etc.  pp.  £Jl-i.  Pescfael.  Gescb  d.  Erdknude,  4.1.  Ad.  3. 
Gruaakard'B  Strabo,  lib.  ii.  Abt.  iv.  i  7.  Vol.  i.  p.  im.  GUDlher,  Die  EcdmewiuuK  d. 
Ento«tbeDea,  Roodscbaa  fUrGeoK.  nuil  StfttUtik,  III.  Jubrg.  p.  J27.  Bitillf,  IJH, 
s».VK  tbU  Wftn  tbe  genenl  diTJitiua  and  in  use  among  tha  luiliaDo,  Cbaldeans,  Per- 
UHDt,  »nd  Egyptians. 

■  Delituibre,  Aatron,  ancienne,  I,  230. 

^SpruDger,  AuaUud,  1>I67,  p.  1Q&.  Madler,  Geocb.  d.  Erdkuade,  l,  TO.  »ee  Bor- 
ger.  Frag.  d.  Hipparcb.,  30,  31. 

■Focbiger's  Strabo,  lib.  ii.  cap.  i.  #  11. 

"Spreoger,  Ansland,  IriGI,  p.  1045.  I«lewe],  Gtog.  du  moyea.&ge,  vii.  D'Avezac, 
Cunp  U'cBil,  etc.,  271,  n.  5. 

""Ein  solcUea  Werk  inr  Constfttirang  einer  astroaoraiMhen  Tbatsaclie  iet  gam 
Im  Golvto  dor  Brbaaer  der  PyramideD.  Wir  kouoea  sicher  seio,  «b  ist  von  den 
PbaraoDSD  Ktugeflihrt  worden,  nnd  zwar  etira  700  Jabre  v.  Cbr."  (UnfoTtanately  I 
have  forgotten  to  nolefmni  wbom  I  ostraoted  tbis  remark.)  (  \  ti  tnli' 

H.  Mis.  224 48  ,v_.uuyiL 
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then  to  vogne.  Accepted  as  trae,  it  was  made  the  baais  of  the  geo- 
grapbical  latitude  of  aatiquity.  The  parallel  of  Syene  was  hence  con- 
sidered the  Tropic  of  Cancer,  and  from  this  polat  dUtanoee  and  degrees 
were  computed  north  and  south. 

The  only  sclentiflc  method  then  known  of  determining  latitude 
was  by  observing  the  length  of  shadow  cast,  either  at  the  equinox 
or  sommer  solstice,  by  a  simple  instrument  called  a  gnomon.  It 
has  been  suggested  that  the  obelisks  of  Egypt  served  this  porpoee.' 
Two  varieties  of  this  instrument  are  mentioned  as  in  ase  among 
the  aucients.  One  was  formed  by  a  liollow  hemisphere  having  in 
its  center  an  upright  whose  length  was  equal  to  the  radios  of  the 
sphere ;  so  that  the  proportional  leugth  of  the  shadow  to  the  distuice 
between  the  base  of  the  upright  and  the  [>eriphery  of  the  hemisphere, 
as  observed  at  the  summer  solstice,  gave  the  proportion  of  the 
distance  of  the  -place  of  observation  between  the  Tropic  of  Cancer 
and  the  north  pole.  This  instrument  is  said  to  have  been  imported 
from  the  Chaldeans,'  and  used  only  by  Eratosthenes  among  the  Greeks.' 
The  usual  form  of  gnomon  had  a  Dat  base,  and  the  latitude  of  the 
place  of  observation  was  indicated  by  the  ratio  of  the  length  of 
the  shadow  to  the  upright,  as  observed  at  the  equinox.  Whether 
this  instrument  was  brought  from  the  East  or  invented  inde- 
pendently in  Greece,  it  seems  impossible  to  decide.  There  is  prob- 
ably no  good  reason  for  doubting  that  it  was  already  in  nse 
among  the  Chinese  eleven  hundred  years  before  Christ.*  But  with 
them  directly  the  Greeks  had  no  intercourse.  Bailly,  who  finds  tbe 
beginning  of  all  things  in  tbe  Orient  and  allows  the  Greeks  no  in- 
ventive genius  whatever,  relates  that  Pberecides  erected  such  an  io- 
Btrument  on  an  island  in  the  Syrian  Sea,  and  that  Anazimander 
perhaps  carried  the  knowledge  thereof  to  Greece,*  while  Pliny  ascribes 
its  invention  to  Anaximenes  of  Miletus,  a  pupil  of  Anaximander,*  and 
a  modern  investigator  of  greit  learning  maintains  that  Pytbeas  "Is 
the  first  of  whom  it  is  historically  certain  that  he  determined  the 
altitude  of  the  pole  of  a  place  by  the  length  of  tbe  sun's  shadow."^ 


■Delnmbte,  AatroD.  ancienne,  i,  U.  GaMJni,  Grandeur,  etc.,  33.  One  brongbt 
from  Egypt  by  order  of  Au){DstnB,  was  placed  on  what  iauoiv  tlieChampdeHanaDd 
used  for  that  poTpose  by  Mauiliuu.    Wolf,  Gesck,  d.  Astronomie,  1S4. 

■MaoDert,  I.  111. 

"''C'est  rbdmiapbiire  crenx  de  B4rose."  Delftubre,  AatroD.  ancienne,  i,  Sil. 
Ideler  is  of  anoUier  opinion.  "Sie  (die  Skaphe)  war  eine  Erflndang  dM  JrifMreft 
VOD  Sainos.  Von  ibrer  Oeatalt  biess  ale  anob  Btmi»pkaeriHm ;  denn  aie  bealand  aui 
eioein  sphuriscbgektUmmten  melalleQen  Beckea,  aaf  deaaen  Boden  in  dor  SiebtDiif 
and  Liinge  des  Halbiueaaera  ejn  Stift,  Fviaiiim',  als  Scbattenseiger,  erricblet  war." 
Zacb,  Mon.  Coc,  May,  1611,  cillDg  aa  aatborJty  Martianua  Capella,  de  NnpL,  1,  ri,  pL 
194.     Ed  Orotii. 

^Delambre,  Aatron.  aucienne,  i,  xvii.     Eirchboff,  Unaer  Wisseu  von  der  Erde, I.  IS. 

*  B&ill7,  Hietolre  de  ruatrou.,  197,  \m. 

"Straok'a  Pliiiiua,  1.  115;  lib.  ii.  76-78. 

'  MaoDert,  i.  5.  i'~\ 
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B«  that  aa  it  may,  this  instrament  most  be  recognized  as  one  of  the 
moet  important  aids  to  the  early  developmeDl  of  geography,  and, 
whether  borrowed  or  invented  by  the  Greeks,  they  deserve  the  credit 
of  haviug  made  the  best  use  of  it.  In  all  probability  the  namber  or 
places  whose  latitude  was  determined  by  its  use  was  exceedingly 
limited,'  as  the  geographers  employed  other  means  also  for  attainiug 
the  same  end.  The  rising  and  setting  of  certain  fixed  stars  served  as 
one  basis  for  calculating  the  latitude  of  placeH,  while  even  untrust- 
worthy data  as  to  climate,  wind,  color  of  iuhabitants,  varieties  of 
uuim^  vegetable  products,  etc.,  were  used  to  supply  the  lack  of  better 
kiods  of  information.  The  ancients  were  right  in  considering  the 
length  of  the  longest  day  an  important  factor  iu  determining  latitude, 
and  HipparchuB  is  said  to  have  calculated  what  it  should  be  for  each 
degree.'  However,  the  want  of  accurate  time-piecea  rendered  it  im- 
possible to  make  exact  observatious.  As  to  the  iostrnmenta  em- 
ployed for  astronomical  observatious  we  know  almost  nothing.  Bip- 
parchns,  who  was  an  ardent  advocate  of  using  the  results  of  astronom- 
ical observation  for  geographical  purposes,  does  not  mention  by  name 
a  single  instrament  which  he  employed,  nor  does  he  dso  even  the  generic 
term  instrument.^  Eratosthenes  used  the  hollow  gnomon  (mentioned 
above)  to  determine  the  latitude  of  Alexandria,*  and  at  his  request  the 
king  ordered  to  be  made  and  placed  on  the  roof  of  tho  moaeum  the 
fomous  armillary  apheres,  with  which  be  determined  the  declination  of 
the  Ecliptic  to  within  six  minutes  of  arc,  a  praiseworthy  exactness  for 
that  age.^  To  this  may  be  added  the  known  fact  of  Ptolemy's  use  of 
the  astrolabe  at  Rhodes*  aud  the  invention  of  the  sun-dial  by  Auaxi- 
mander.^  With  anch  simple  means  were  the  beginnings  of  the  science 
of  geography  made. 

Application. — It  is  difficult  for  ns  to  realize  the  length  of  time  re. 
quired  to  make  such  small  advances  aa  have  been  iudicated,  but  the 
history  of  other  branches  of  scieuce  is  parallel.  The  inertia  (o  be  over- 
come in  advancing  from  utter  ignorance  of  a  subject  te  the  commence- 
ment of  real  knowledge,  and  founding  the  priuciples  on  which  investi. 
gation  should  be  carried  on,  is  immense.  Knowledge  does  not  spring 
into  being,  Uinerva-like,  completely  develo|>ed,  bnt  resembles  much 
more  the  insignificant  acorn,  which,  slowly  growing  aud  battling  with 
the  elements,  becomes  in  the  course  of  time  the  mighty  oak.  Ages  may 
pass  in  the  almost  unheeded  dreaming  and  theorizing  of  philosophers 

>  Pocbel,  Gmeb.  d.  ErdkoDde,  44.45. 
•Bprmgix,  AuUiid,  loGJ,  p.  1045. 

iDoUmbn,  AatTODomie  •ocienue,  i,  139.  At  Ihensui*  tiuie  he  ttiiulu  Ilip{>wehiia 
waa  poaoibly  the  inTentoc  of  the  Mtrolalie,  i,  1^. 

■Midler,  G«ach.4.  Hiipia«Ukiiu>l'^.  i.  j7. 
■Del^mbre,  Aatron.  aacicuoe,  I,  IM. 
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and  iDveatigators  before  a  science  is  matured  ready  for  prosaic,  worldly 
application.  So  for  example  were  tbe  calcalations  (though  erroneons) 
of  the  old  Greeks  one  day  to  bear  practical  fruit  by  euconragiHg  Oo- 
InrnbuB  to  make  the  famous  voyage  which  resulted  in  the  discovery  of 
America. 

These  humble  beginnings  and  the  men  who  made  them  are  then  not 
to  be  despised  becanse  no  more  was  effected,  but  much  rather,  to  be 
honored  that  nnder  the  circumstances  so  much  was  accomplished. 
They  might  |>erhap8  have  made  more  progress;  had  they  theorized  less 
as  to  how  far  north  and  south  the  earth  is  inhabitable, '  a  matter  neces- 
sarily beyond  their  poicer  of  determination,  and  instead  of  that  liave 
spent  their  energies  in  more  accnrately  investigating  that  which  lay  at 
hand.  There  is  however  a  Btroug  temptation  in  all  men  to  strive  for 
the  attainment  of  the  unknowable;  and,  whether  this  tendency  leads 
toreligiouseuthnsiasm,  spiritualism,  or  philosophicaldreaming,  it  islmt 
takiugon  different  forms  of  expression  of  the  same  factor  in  human  nat- 
ure. Accordingly  we  mast  not  blame  the  early  geographers  even  if 
the  number  of  places  where  the  altitude  of  the  polo  was  actually  ob- 
served does  not  exceed  half  a  dozen.'  There  were  very  few  specialists, 
and  they  without  co-operation;  travelling  was  difiScult  and  expensive, 
and  general  interest  in  geographical  theory  practically  null.  Further- 
more, they  koew  their  observations  did  not  give  perfectly  exact  resalu ;' 
but  thought  that  lay  in  the  nature  of  the  work  to  be  done,  and  not  in 
defects  of  their  theories  or  inHtrumeuts. 

Their  base  line  was  the  parallelbf  Syene,  which  they  reckoned  iu 
round  numbers  to  t>e  in  latitude  24^  N.,  instead  of  the  ti'ue  latitude  of 
2i°  6'  23."  But  they  piade  a  still  greater  mistake  in  accepiiog  the 
same  parallel  as  the  Tropic  of  Cancer;^  although  Eratostheues's  calcu- 
lation is  supposed  to  have  given  23'^  Dl'  ld".5  for  that  line,  and  Ptole- 
mieusquotes  Hipparchus  as  employing  23° /il'  20."*  After  the  twenty- 
fourth  parallel,  the  one  most  frequently  referred  to  was  probably  that 
of  Alexandria,  the  great  commercial  center  of  the  age,  from  which  voy- 
agers toward  all  directions  calculated  distances,  which  calculations  were 
much  relied  upon  for  fixing  latitude.  It  was  accordingly  recognized  as 
of  prime  importance  to  determine  its  true  latitude,  the  result  showing 
3(1°  58'^  instead  of  31°  ll,"  according  to  recent  observations.  Rhodes, 
throagh  which  the  "  Diaphragm  "  passed,  was  said  to  be  on  the  thirty- 


■8ee  GroMkurd'a  Strabo,  pp.  117  and  118. 

*PMche1,  G«Bch,  d.  Erdkunde,  44.  Haunert,  I.  95,  aaeios  to  be  of  aDother opinion 
wheD  he  ea,v»:  "  Hipparcbus  liat  das  wicbtige  Verdieoat  weit  mehiersD  Ortea  ihre 
wirbliche  Lags  tier  Polhobenacb  anzuweiaen,  alsea  Eratoatbeuee  bei  wenigeno  Er- 
fahruugen  Ihnu  konntu.'' 

g  Spreuger,  Au aland  li^,  p.  1066. 

^Maunert,  1,  102. 

''  Delambro,  i,  87. 

•Berger,  Frag.  d.  Hi|)pnrtli.,  4H. 

'  Peachel,  Geach.  d.  Krdkimde,  40,  u.  4,  /-•  j 
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sixth  parallel,'  although  they  knew  that  that  was  uot  exact.^  Other 
points  nhose  latitude  ia  given  by  Hipparcbus  are  Athens,  36°;  Alex- 
andria iii  Troas,  41°;  Byzantium  and  Massilia  (Uaraetlles),  43°j  Syra- 
cuse, STjO  44';  month  of  the  Xauthas  in  Lycia,  also  36°  44';  and  Baby- 
lon, 33°  3(y.  One  of  the  eaay-going  methods  of  the  early  geographers 
was  to  bring  as  many  places  of  importance  as  possible  ou  the  same 
parallel,  of  which  there  are  several  lists.'  That  this  at  t>e8t  could 
be  only  an  approximation  to  the  truth,  and  that  opinions  would  neces- 
sarily vary,  is  a  matter  of  course.  One  well  known  case  gives  a  strik- 
ing example,  viz :  Strabo's  rather  sharp  criticism  of  Hipparchas  for 
placing  Byzantium  on  the  same  parallel  with  Massilia  and  then  him- 
self making  the  still  greater  error  of  placing  the  former  to  the  north,* 
while  in  reality  it  is  more  than  2  degrees  farther  south.*  Hipparchus 
dreamed  of  the  possibility  of  fixing  the  locations  of  all  places  od  the 
surface  of  the  earth  by  the  use  of  a  common  standard,  viz,  that  of  lat- 
itude and  longitude,  *  ailtl  did  all  in  his  power  to  show  his  successors 
how  to  attain  that  possibility.  But  all  were  not  willing  to  follow  the 
lines  laid  down  by  him,  and  even  so  good  and  late  a  geographer  as 
Strabo  combated  bis  theory,  while  not  beingable  to  propose  a  better 
and  in  fact  adopting  in  great  part  that  which  he  condemned.'  First 
at  the  hands  of  Marinus  of  Tyre  '  and  of  Ptolemy '  was  tnade  a  prac- 
tical application  on  a  large  scale  of  the  ideas  of  Hipparchus,  which 
even  now  form  the  basis  ot  onr  usage. 

Maps. — ^The  nse  of  maps  dates  from  a  very  early  period.  Like  first 
essays  in  general  they  ronst  have  been  very  crude.  In  the  first  place 
their  makers  had  an  extremely  imperfect  knowledge  of  the  earth,  and 
what  is  not  accnralely  known  can  uot  be  pictorially  well  represented. 
Moreover,  there  is  an  inherent  difBcnIty  in  the  matter,  owing  to  the 
sphericity  of  the  earth,  whose  form  necessitates  distortion  of  some  sort 
when  repre8<>.nted  on  a  flat  surface.  If  drawn  in  perspective,  as  oue 
looking  at  the  earth  from  some  distant  point  in  space  would  see  it,  the 
portions  toward  the  circnmference  of  the  resulting  circle  become  falsely 
curved  and  much  too  narrow  for  their  length.  If  drawn  according  to 
Mercator's  projection,  the  meridians  remain  parallel  instead  of  converg- 
ing at  the  poles,  and  so  give  a  folse  picture  of  the  comparative  breadth 
of  bodies  of  land  and  water  at  the  equator  and  to  the  north  and  south. 
Ho  each  possible  kind  of  projection  ou  a  plane  surface  has  its  peculiar 


'  PtDletnsQg,  OeoKTaphia,  lib.  i,  asp.  xx. 
'HippHchus  gave  36°  20'  (Borger'a  Hip.,  72). 

'Orowknrd's  Strabo,  I.  219,  220,  lib.  ii.  cap.  iv.  f  27.    Forbiger'a  Strabo,  lib  i.  cap. 
.  M'  P-  100. 

*QTOsBkard'a  Strabo..  I.  1889,  lib.  ii.  cap.  ir,  i  8. 
■Delambre.p.  S57,  makes  it  a  chticiHin  of  Pytbeaa 
« Berger, Frag.  d.  Hipparcb.,  20,31. 
'Borger'a  Hipparcb.,  44. 
■Peoohel,  Gescb.  d.  Erdkuode,  51. 
■PtolemanH,  Geographla,  lib.  i,  cap.  xix.  nigrti7("jt:,CjOO<?IC 
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tMxxtmpanying  distortiou.  Aa  to  bow  the  earliest  maps  veredrawn,  w« 
have  no  exact  iDformatioD ;  but  they  were  in  all  probability  mere 
sketches  of  the  oatliDes  of  known  lands,  with  a  river  and  a  dty  here 
and  there  iudicat«d,  without  any  tbongbt  of  perspective.'  As  to  who 
projected  the  first  map  of  the  world  based  on  scientific  principles,  mod- 
em critics  are  not  agreed ;  but  it  seems  jirobable  that  it  originated  witb 
Eratosthenes  and  was  greatly  improved  by  Hipparcbns.*  This  was 
called  a  "  planisphere  "  and  supposed  the  known  worid  hollow  as  seen 
from  a  point  on  the  opposite  surface  of  the  earth,  directly  rw-d-vw  t« 
the  center  of  the  part  represented.^  Hipparchas,  dividing  the  distance 
between  the  equator  and  the  poles  into  90  degrees,  according  to  the  di- 
vision of  the  entire  circle  into  360  degrees^drew  for  each  degree  a  paral- 
lel of  latitade,  and,  knowing  himself  the  true  latitodeofbnt  few  places, 
gave  the  astronomical  conditions  for  determining  it  as  gronadwork  for 
bis  succetsors.*  Strabo.webaveseen.did  not  favor  Hipparchns's  mani- 
fold divisions  of  latitude  ;^  but  be  himself  did  not  attempt  to  project  a 
new  map,  preferring  the  easier  method  of  making  changes  in  that  ct 
Eratosthenes.* 

However,  in  the  text  be  goes  into  some  detail  as  to  his  ideas  of  map- 
making,  prefers  on  the  whole  a  globe  of  not  more  than  10  feet  diam- 
eter, and  considers  the  next  best  thing  a  drawing  of  at  least  7  feet 
diameter,  on  which  the  lines  of  latitude  would  be  parallel  and  the  me- 
ridians converge;'  the  two  "main  lines, "  evidently  the  parallel  and 
meridian  of  Rhodes,  to  be  at  right  angles.*  Marions  of  Tyre,  witb 
much  better  information  than  Hipparchus,  tried  to  realize  the  lat- 
ter's  ideal  of  representing  all  places  by  their  latitude  and  lougitode.' 
Having  nothing  direct  from  him  however,  we  pass  at  once  to  bia 
successor  and  improver,  Ptolemy."    Witb  this  great  scholar,  cUasical 

'  HaDDerC  and  Bnilly  under  "A."  Ukert,  Ueog.  d.  Or.  &  Burner,  I.  81,  refemng  to 
the  Anecdote  of  Sooraies  leading  Alcibiades  to  e.  map. 

'Berger,  Fragmenta  d.  Hipp.,  W,  73.  Hannert  givea  Anaiimsnder  the  honor  of 
having  made  a  globe,  i.  11 ;  also  Baill;,  Hist,  d'astron,  IM.  Delambre  sa;s  o(  Bip- 
parDhag:  "C'est  d'apr^s  la  projection  don t  il  est  I'anteDr  que  nous  faiaons  eneora 
aujonrd'hni  nos  mappemondeB  et  dob  mei  lion  res  cartes  g^ographiquea"  (Astron- an- 

'lyAveiao,  Coop d'oiil, etc.,  p.275,  callait  "la  nonvelle  projection  d'HippaTcha." 

*  Berger,  as  note  "A." 

"IWrf.,  p.M. 

'QroBBhnrd'BStrabo,  i.  EinleitUDK,  $7.  p.  six. 

'/5«.,  1.191. 

'Ibid.,  197,198. 

*HaDDert,  I.  7. 

'"Ibidem,  1.  8:  "Der  Bnbm  der  EtQndnng  (elnea  nenen  SjBteaa)  hleibl  dem  Uari- 
nna,  ab«r  die  AnsbesBerung  Ana  noeh  ziemlich  rohen  Entwnrfs,  JBt  das  YndieHt 
seinea  Nachfolgers  PtoleniiluB  Alexandrein  in  Aogypten.  Mit  vorzUglichen  matlw- 
tnatlBohen  KenDtniasen  ansgertiatet.  luit  mehreren  Denem  Heiaebeachreibnngen  ttK- 
•ebon,  nagte  er  sich  an  die  Umarbeitnng  dea  mariniachen  Werks.  Er  erganitedM 
UnTolIat&adige,  verbeaaerle  die  Fehler  welche  er  entdeckte,  gab  alien  Orten  else 
beatimmta  Lage,  nnd  zog  die  zn  groasen  MeaseDSon  seines  Torgiingan,T<m,d«rUii|e 
and  Bralte  der  bekaonten  Erde  mebr  In  dsa  Engere.  ^  i  r  \    ,;Tt 
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geograpby  reaches  it  higbest  poiot  of  dev^elopmeDt.'  He  not  only 
possessed  atl  the  available  kaowledf^e  of  his  time  beariDg  apon  the 
Bubject,  bnt  based  bis  work  so  tboroagUy  on  scientific  principles  that 
its  revival  in  modern  times  gave  the  starting  poiDl  to  many  of  the  im- 
provements of  the  new  geography.  That  his  maps  were  but  improve- 
meats  on  Uiose  of  Eratosthenes'  and  Hipparchus,^  and  not  absolutely 
new,  is  not  matterof  censare.  He  recognizeil  the  justneBS  of  their  prin- 
ciples and  simply  added  thereto  what  bis  talent  and  tbe  better  facili- 
ties for  obtaining  knowledge  afforded  by  his  time  and  circumstances 
rendered  possible.  He  not  only  wrote  tbe  principles  of  map-drawing, 
bot  put  the  same  ioto  practice,  producing  a  very  fair  representation 
of  the  then  kuown  world,  and  he  added  thereto  special  maps  on  alarger 
scale  to  the  number  of  twenty-six.^  Here  it  ia  not  in  place  to  go  deeply 
into  the  details  of  Ptolemy's  projection,  which  however  is  interesting.' 
The  ground-plan  is  that  of  an  open  fau,  the  radii  forming  tbe  meridians 
of  longitude,  the  lines  parallel  to  the  outermost  curve  representing 
the  parallels  of  latitude.  Of  these  there  were  foar  principal  ones, 
the  outermost  being  tlie  supposed  southern  limit  of  the  habitable  zone. 
From  the  center  of  this  line  to  tbe  point  forming  the  pivot  of  tbe  fan 
was  a  line  to  be  divided  into  one-bundred  and  thirty-one  equal  parts. 
Starting  from  the  south,  sixteen  of  those  parts  bring  us  to  tbe  equa- 
tor, on  which  180  degrees  of  longitnde  were  marked,  forming  -the  ex- 
treme limits  east  and  west  of  the  known  world.  Counting  then  thirty- 
six  parts  toward  the  north,  came  Bbodes,  whose  parallel  was  the  most 
important  line  of  ancient  geography.  Twenty -seven  parts  more  bring 
OS  to  tbe  parallel  of  Tbule,  the  limit  to  the  north  of  the  habitable  world. 
The  other  parallels  were  those  of  important  places,  withoat  au  attempt 
to  make  equal  divisious,  as  is  done  with  the  meridians,  althongb  atone 
side  the  parallels  are  marked  at  distances  of  10  degrees.  At  the  other 
side  an  nnegnal  division  into  climates  is  indicated.  Theoretically, 
however,  Ptolemy  advocates  tbe  division  into  equal  parts  by  parallels 
of  latitude.  He  gives  also  rules  for  another  kind  of  projection  in 
which  tbe  meridians  should  be  curved  lines,  as  this  would  better  rep- 
resent the  middle  latitudes.  At  the  same  time  be  says  that  this  pro- 
jection is  much  more  difficult  to  di-aw.^    Here  we  have  tbe  best  pro- 

'  Hannerl,  I.  ISt ;  "  Stuih  Ptolemikna  vagtB  sich  niea&nil  weiter  an  die  Verbesser- 
nng  d«r  Qeograpbie.  Anttatt  maDche  seiner  Angnben  zu  bericbttgen,  nabm  nan 
deMen  Werk  fllrdaa  ncn  plus  ultra  ier  Wissenschafl,  nnd  hielt  es  fast  fiirSlindo«ine 
Miner  BebnaptaDgen  nlcbt  gelten  laaann  zn  wollen ;  nnd  deato  mebr,  da  ein  groBser 
Tbeil  der  spiitern  Qelebrt«ii  die  Grilnde  deroelben  ntcfat  verstuoden." 

*  Mannert,  1. 96. 

* B«rger, 30, Note  1.  "Es  (duVerrahren  des  Ptolemiiua)  glebt  f^tdie  ganze  Hip- 
parcbiscbe  Lebre  wi«der." 

'  Zacb  remarks  tbat  tbe  special  mapa  ari  not  drawn  according  to  Ptolemy's  owd 
proposition  (Mon.Cor.  Jnn.,1805,p.  504). 

'  PtolemiioB,  Qeograpbica,  lib.i.  cap.  xxiii. 

<  The  first  maps  based  on  tbis  projection  were  drawn  b;  NikoUna  DonU  (1483). 
(Huoert,  1.178,179).  D„:„..ii,CoO<^lc 
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duction  of  classical  geogrAphy.  As  far  as  tatitnde  is  coocerned  tiie 
theory  is  completely  developed,  while  the  practice  remainM  extremely 
imperfect.  Though  recogoiziiig  the  asefalness  of  eqaally  distant  par- 
allelSfhe  makes  his  drawing  more  easily  by  adopting  only  those  of  known 
places.  Kurtbermore,  he  still  clings  to  the  old  idea  of  divisions  into 
climates,  the  absurdity  of  which  he  wonld  have  appreciated  if  he  ooold 
have  seen  the  modern  isothermal  lines. 

How  mach  or  bow  little  geographical  knowledge  the  Greeks  derived 
from  the  Orient  or  from  Ancient  Egypt,  it  is  at  this  day  impossible  to 
determine.  Of  one  thing  we  may  be  certain,  viz,  that  it  was  at  best 
only  fragmentary.  With  this  as  a  starting  point,  they,  in  the  comae 
of  centuries,  developed  a  sound  theory  as  to  the  form  of  the  euth, 
then  proved  it  mathematically;  though  often  going  astray,  as  one  does 
in  the  beginning  of  every  science,  they  arrived  at  a  fair,  almost  u 
accurate,  compntation  of  the  earth's  size.  Though  acquainted  in 
reality  with  ouly  a  small  portion  of  the  globe,  they  hit  npou  the  only 
tnily  scientific  method  of  indicating  position  on  a  body  which,  having 
neither  breadth  nor  length,  preaeuts  a  puzzling  problem,  ^siu-as 
circumstances  permitted  they  put  their  theories  into  practice,'  and 
laid  down  many  of  the  lines  on  which  modern  scholarship  is  still  de- 
veloping the  science. 

In  the  mean  time  a  movement  had  begnn  in  Palestine  which  was  to 
produce  great  changes  iu  the  civilized  world  and  from  whose  influence 
the  snbject  now  under  consideration  was  not  to  remain  free.  B*'jecting 
almost  as  a  whole  the  literature  and  art  with  which  they  were  fHrnilisr, 
ns  an  inseparable  part  of  that  heathenism  which  they  were  struggliag 
to  overcome,  the  churab  fathers  sought  to  find  in  the  Bible  the  ou\y 
source  of  true  knowledge.*  They  accordingly  rejected  the  doctrine  of 
the  sphericity  of  the  earth,  which  had  become,  at  leant  among  8t>edal- 
ists,  firmly  eatablislied,  and  with  childish  religious  arguments,  settled 
for  themselves  and  their  followers  the  whole  matter,  e.  g..  by  askiog, 
*'  How,  on  the  day  of  judgment,  could  the  peo|>le  on  the  other  side  of 
a  bnll  see  the  Lord  descending  through  the  airf  "^  or  maintaining tJiat 
if  there  were  antipodes  Christ  would  have  gone  to  them.'  They  were 
not  united  as  to  what  form  the  earth  really  has,  one  believing  it  to  be 
square,*  another  circular,  because  the  Bible  uses  the  expressions  "the 
four  corners  of  the  earth**  and  "circle  of  the  earth."  The  lattar  bt-ing 
the  more  popular,  the  so-called  "  wheel  maps"  were  accordingly  much 
in  vogue,*'  while  again  the  Tabernacle  was  thought  to  be  a  mystic 

'  "lu  fact,  wheo  we  come  to  examine  their  geographical  proficieacy,  we  find  it  in 
exact  relation  to  the  poverty  of  their  geometrical  means. "  Leakee,  Jodth.  B.  0,  S., 
IKO,  IX,  p.  14. 

'ExceptioDH  to  be  noted  infra.  As  to  tlteir  t^ectiou  of  Or«ek  geography,  tee 
I^atroone,  r>02. 

'  Ko«mu8,  qDoted  by  Otlntber,  Stadieo,  etc,,  3. 

'Dootiineof  ProcopiiisToaGata,  Zocl[ler,Theol.  und  Natnrwlu.,  1. 1X7. 

■Santarem,  L'liistoire  de  la  cosmographie,  I,  107,  118.  -  . 

•Peachel,  QeHb.  d.  Erdk node,  100.  d„:,i^.  ii  ,Cj.OO<^k' 
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symbol  of  the  earth,  and  that  the  latter  must  therefore  be  rectangular 
and  twice  as  long  as  it  is  broad.'  Id  the  north  was  a  lofty  moaulain, 
behind  which  the  snn  took  his  course  at  night  in  order  to  apitear 
again  the  next  morning  in  the  east.*  That  the  earth  was  the  center  of 
the  nniverae  could  not  be  doubted  bj*  ao  orthodox  Ohristian.'  It 
Bta&da  to  reasoo  that  with  anch  conceptions  of  the  world  th^jre  was 
felt  no  necessity  for  the  aae  of  parallels  of  latitude,  and  this  branch, 
together  with  the  whole  science  of  geography,  fell  into  decay  daring 
the  period  of  the  aapremacy  of  the  clmruh.  Nothing  more  is  heard 
of  astronomical  observations  to  determine  the  location  of  places;  the 
gnomon,  the  sphere,  together  with  most  of  the  prodacts  of  Grecian 
caltnre,  are  buried  in  the  dast,  awaiting  reaurrection  at  the  hands  of 
another  race,  itself  now  in  the  bonds  of  darkness,  but  soon  to  start  on 
aoonrae  of  conqneat  over  men  and  ideas  anprecedented  in  its  rapidi^' 
and  brilliancy. 

Though  a  wrong  conception  of  the  form  of  the  earth  was  generally 
accepted  by  the  Christian  Church  up  to  the  time  of  the  great  dis- 
coveries and  circom-navigation  of  the  globe,  there  were  not  wanting  at 
pt-riotls  a  few  great  minds  which  bad  a  clearer  idea  of  the  truth. 
Clemens,  Origen,  Ambrose,  Baail,*  John  Scotus  Erigena,*  the  Vener- 
able Bede,*  Virgilus  of  Javavo,'  Adam  of  Bremen,*  and  aome  others 
are  mentioned  as  having  testified  to  a  belief  in  the  rotandity  of  the 
earth,'  One  fact  notwithatanding  remains  certain,  viz,  that  the  cbarch 
officially  opposed  the  doctrine  in  apite  of  the  contrary  opinion  of  a  few 
learned  fathers,  and  the  acieiice  of  geography  failed  to  receive  any  ad- 
dition "to  the  knowledge  which  the  ancients  had  of  the  globe  and  the 
habitable  zouea."*" 

The  Jews  believed  the  earth  to  be  Sat  and  Jerusalem  in  the  center," 
which  idea  was  adopted  by  the  earlier  Christiana  along  with  the  rest  of 
Jewish  doctrine ;  and  we  find  accordingly  a  number  of  crude  maps  of 
ihe  world  with  Jerusalem  in  the  center  and  Paradise  to  the  east,  which 
on  account  of  its  importance  was  placed  at  the  top  of  the  map."    With 

'Peachtil,  AbbkndluDgeo,!.  76. 

'Theory  of  Koamaa.  Latronne,  610. 

'Latronne,  604. 

*OQatheT,  Koamog.it.M.  A.  Bundschan. 

^LaLroDne,  317.   Fill  Geogt,  aud  Statis.,  iv.  313. 

"Lk  terre  "est  an  nilien  de  celni-ci  [le  monde]  commele  jaane  est  duu  I'aal.^ 
Qaoted  by  Sautarem,  L'hietoire  de  la  coamographie,  i.  25. 

'Gtinther,  Stndien,  etc.,  6. 

•Ibid..  8. 

*P6reDnto,  Bii^.  DniTenelle,  xu,  p.  387,  mentions  also  as  bolding  tbU  belief  St.  - 
Grrigoire  de  Nyne,  St-Grtgoire  de  NasiaoM,  SL-Atbanase;  that  St.-Hilary  and 
Oiigen  mention  tbe  antipodea. 

■■Santaiem,  L'histoite  de  U  eoamograpbie,  I.  22,  lljl. 

■■tjkert,  1.7. 

'*"8acbez  qoe  la  Bibl«  nomme  I'Orieat  le  devaot;  le  siid  la  droits;  l«  nord  la 
gaoehe."  LeUwel,  Table  xiv,  p.  15,  qootiDg  Heir  al  Dabi  MiapaDua,  1363., 

, Cookie 
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snch  foDdamental  ideas  it  was  Dot  possible  to  brio);  ioto  hartnooy  tlie 
worlc  of  Ptolemy,  and  we  acoordingly  find  ottier  maps  preferred;' 
though  it  is  but  just  to  add  that  the  BomaD  itineraries  were  more 
practicable  for  travelling,  and  probably  also  more  easily  acqnired  thu 
those  of  Ptolemy.  On  the  other  hand,  if  we  tarn  to  the  greatest 
known  geographical  work  of  Christendom  in  the  Middle  Ages,  tiiatot 
the  onnamed  geographer  of  Bavenna,  written  in  the  seventh  centory, 
we  find  "no  notion  of  geographical  latitude.*  The  French  geog- 
raphers of  the  twelfth  centary  paid  no  regard  to  the  relative  positioit 
of  cities,'  and  the  English,  even  in  the  following  centnry,  gave  their 
entire  attention  to  the  itineraries.*  As  navigatioa  increased  in  activity 
there  came  into  popular  use  among  tbe  mariners  the  so-called  compatt 
maps,  whicb,  disregarding  projection,  latitude,  and  longitade,  vera 
based  on  observations  of  the  compass,  starting  from  one  or  more  fixed 
centers.  These  maps  generally  neglected  tbe  inland,  bnt  in  coarse  of 
time  came  to  picture  very  accurately  the  most  frequently  visited  cowt 
lines.  Lelewel  (ii,  IG,  n.  32)  maintains  that  this  kind  of  map  ia  very 
ancient,  that  one  in  fact  served  as  a  model  for  the  world-map  of  Era- 
tosthenes, but  he  fails  to  mention  his  authority  for  the  statement, 
and  the  writer  has  not  seen  elsewhere  tbe  snggestion  of  snch  an 
idea.  Furthermore,  na  we  have  no  evidence  of  the  Greeks  having 
possessed  the  compass,  bow  can  they  have  drawn  "  compass  maps," 
whose  fonndation  is  not  a  general  idea  of  direction  in  refefence  tA 
the  equator  and  the  poles,  as  was  the  case  in  Greek  maps,  bnt  ratJier 
of  direction  from  given  local  centers,  if  we  may  be  allowed  the  expres- 
sion 1 

So  we  see  that  Obristendom,  as  a  whole,  remained  for  centuries  in 
ignorance  and  neglect  of  the  principles  of  geographical  latitude,  thongb 
it  had  conquered  the  very  region  where  iu  better  days  the  theory  h«d 
been  perfected  and  the  practice  greatly  advanced.  Preceding  the  dawn 
of  tbe  Renaissance  travelling  became  more  common ;  the  cultivation  of 
geography  followed  as  a  matter  of  conrse.  Already  in  the  thirteenth 
centnry  works  on  geography  began  to  multiply,'  interest  in  the  sab- 
ject  increased,  and  progress  iu  knowledge  of  facts  was  made,  thongh 
but  little  in  theory  until  the  beginning  of  the  fifteenth  centnry,  when 
Ptolemy  was  translated  into  Latin,*  wfaich  act  signalled  tbe  commcoce- 
ment  of  a  new  era  in  tbe  science. 

To  understand  bow  Grecian  knowledge  was  preserved  during  tliis 
period  and  handed  on  with  additions  to  the  later  worid,  it  will  bo 
necessary  to  turn  the  attention  for  a  moment  to  another  field  of  activity. 
The  Arabs,  converted  to  Mohammedanism,  having  made  immense  cob- 
quests  in  arms  and  established  a  great  realm,  tamed  a  part  of  theii 
energy  to  intellectaal  pursuits.    Having  produced  too  little  of  their 

'  Lelewal,  Br.  Ed.,  I.,  six. 

«/Wd.,  1.5. 

»8»nUreiii,  I,  188.  'Lelewrf,  Br^.,,^^?!^. 
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own  to  act  as  ft  fonndatiou  of  fntnre  deTelopment,  they  drew  it«m  a 
rich  foQDtaiD  ready  at  hand — Greek  literature  and  science— which 
throDgh  the  medinm  of  translations  they  eoon  made  their  own.  Not 
only  did  the  extent  of  their  posnessions  and  trade  demand  considerable 
geographical  knowledge,  and  at  the  Siime  time  provide  moch  of  the 
material  for  it,  hot  a  stringent  rnle  of  their  religion,  requiring  all 
prayers  to  be  said  with  the  worshiper's  face  turned  toward  Mecca, 
made  Decessary  the  determination  in  every  part  of  the  realm  of  the 
exact  direction  toward  the  holy  city.  Although  they  were  at  first 
guilty  of  the  same  fundamental  errors  as  other  Oriental  oationB  in 
conceiving  the  earth  as  a  great  plane  or  as  having  the  form  of  a  shield 
or  a  drum,'  they  came  into  possession  of  Ptolemy's  work,  probably  as 
early  as  the  beginning  of  the  ninth  centnry,'  and  from  that  time  the 
rotnudity  of  the  earth  was  among  them  an  almost  oniversally  accepted 
^Mst.  That  geography  received  a  large  share  of  attention  is  shown  by 
the  considerable  number  of  works  on  the  snbject  written  by  them, 
which  have  come  down  to  ns.  One  anthor,  citing  the  Koran  as  &n- 
thority,  calls  geography  "  a  science  pleasing  to  Ood."'  They  not  only 
established  by  observation  with  the  gnomon  the  latitude  of  a  consider- 
able namber  of  places,  but  discovered  also  the  error  of  oue-fonrth  of  a 
degree  inherent  in  all  observations  with  that  instrument,  because  the 
shadow  measures  the  angle  to  the  uppermost  edge  of  the  8un  instead 
of  its  center.*  Having  a  passion  for  astrology  and  a  climate  favorable 
for  obeerving  the  heavens,  they  made  rapid  progress  in  astronomy, 
and  accordingly  in  the  theoretical  part  of  geography  connected  with 
it;  .bnt  the  geographers  seem  to  have  been  unable  both  to  value  this 
knowledge  rightly  and  to  nee  it  in  the  preparation  of  their  maps.  To 
read  the  praises  of  their  work  by  one*  who  has  made  a  specialty  of  it 
and  oonstnioted  maps  on  nineteenth-century  lines  as  an  illustration  of 
their  production,  must  give  a  false  idea  of  their  true  position  in  the 
history  of  geographical  development.  He  names  Ptolemy's  great  work 
a  '^monument  monstruenXj"  and  finds  the  purported  traualation,  known 
as  "  roxm,"' much  better  than  the  original,  the  translators  having 
adopted  its  principles  without  its  errors  of  detail."  Though  not  a 
single  Arabic  map  now  known  has  a  net  representing  latitude  and 

■GUDther,  Ranilaehaa,  4,  M5. 

*Pe«che1,  Erdknnde,  133. 

'  Ibid.,  lOS, 

•/Md.,134. 

'L«lenel,  Q6og.  da  moyen-ftge. 

*md.,  I,  24.  ContrndictiDK  bimself  be  speaks  of  it  as  "I'onvrage  g^ograpbiqae 
d'nn  anonyme  intitol^  optOftos,  pr^Kntble  &  In  g6ograpbie  de  Ptol^mfe."  D'Avezsc, 
^,394,  is  decidedly  of  another  opinjou;  "Mala  lea  ^hantnious  de  oaTtog»pbie 
>nbe  qni  soot  parrena  juaqO'^  dodb  ae  borDent  en  gAa^ral  It  de  biea  )[rossi6res 
eaqnlaaea,  aana  exsotitade  en  proportiona  d'AiiDUDe  eap^ce."  Again :  "  II  fant  bien 
reconnattre  qne  lenr  rAle  [dea  cartoa  Brabes]  eat  abaolDmeDt  nul  daaa  I'klstoire  dea 
proJeatiotiB  terreatrea,"  p.  Sa5. 
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764  GEOGRAPHICAL   LATlTtJbE. 

loiigitotle,'  Leiewel  says  that  the  "produits  cartograpbiqaes  de  cette 
4poqiie  proareut  qud  toutet)  les  cartes  arabes  Airent  ^labor^es  sar  les 
latitudes  et  tes  distances."*  He  seoms  to  bare  beeu  aoaware  of  the 
foct  that  the  geographers  regarded  as  too  coafasiiig — sod  so  neglected 
to  nse  OD  their  maps — the  mathematical  determiuation  of  places  fixed 
by  the  astronomers.^  They  employed  theoretically  the  division  of  the 
circle  iuto  degrees  and  minat^  for  giviog  in  lists  the  position  of  Id- 
dividaal  places,  but  seem  to  have  preferred  as  a  general  division  of 
their  maps  that  iuto  climates,  of  which  they  reckoned  only  seven,  con- 
necting them  with  the  seven  planetA.*  Though  m  the  ninth  centniy 
they  were  satisfied  with  a  degree  of  accuracy  in  determining  latitude 
approaching  to  one-third  or  one-sisth  of  the  truth,  tbey  improved 
greatly  later,  and  made  some  very  exact  observations,  including  two 
correct  to  tbe  minnte,  viz,  those  of  Toledo  and  Bagdad.' 

It  is  to  this  people  that  we  must  look  for  much  infinence,  direct  and 
indirect,  in  tbe  renaissance  of  classical  learning  in  Christian  Europe. 
As  early  as  in  the  tenth  century  we  catch  a  faint  glimmer  of  reflected 
light  in  tbe  field  of  geography  in  a  globe  made  for  Pope  Sylvester  ii,' 
vho  had  studied  in  Mohammedan  Spain.  In  the  middle  of  the  twelfth 
centnry  there  was  to  bo  found  at  the  Court  of  Roger  a  copy  of 
Ptolfmy's  geography,  and  there  still  esists  a  thirteenth-century  copy 
thereof  in  Venice;^  but  being  in  the  original  toogae,  which  was  as  a 
sealed  book  to  the  Italians  of  that  period,  it  probably  bad  no  influ- 
ence on  the  development  of  the  science."  The  first  Latin  translation 
of  Ptolemy  was  made  in  1405  by  a  Florentine  named,  Anfj^elo,  and 
gradually  found  its  way  into  all  the  countries  of  Europe.*  This  was 
contem|>oraueous  with  the  opening  of  the  period  of  oceanic  discoveries 
under  Henry  tbe  Sailor  of  Portugal.  From  this  time  the  infiuence  of 
Ptolem}'  was  great,'"  gradually  driving  oat  tbe  itineraries  and  works  of 

■  Peacbel,  Eudkunde,  146. 
»Bre«l.  Ed.,i,  lisvi. 
3pescbe1,  Erdkunde,  14A. 

*Lel«we],  Br.  Ed.,  I,  xxxviii.  Leiewel,  Table  t,  gives  the  climfttes  of  Abrahim 
Bu  Hails  Eapaiiuol,  1136,  bordered  lesiwctively  b;  the  eqnator  mnd  tbe  parallel!  of 
15°,  34°,  W°,  36",  40°,  45°,  and  48",  for  which  he  cabulated  that  tbe  longest  da;  of 
each  woald  be  balf  an  hour  longer  and  the  sburteBt  balf  an  hour  shorter  tbac  (bat  of 
the  next  ooe  to  tbe  south.  Abonlfeda,  1331,  gives  no  other  divieion  aa  followE;  I,  from 
^2^°U>20i°■,  11,10  27=;  HI,  to  331°;  IV,  to  38,',,°;  V,  to  43i°;  VI,  to 47}";  VII.  to 
BOi°.    (/Kd.,  Table  siii.) 

»Pe«obeI,  Erdlcuude,  p,  136  n.  1. 

■Sautaren),  1, 184. 

'Leiewel,  Br.  Ed.,  it,  1'2S. 

■  la  tbe  mean  time  much  bad  been  learned  f^m  tbe  MohamniedAns ;  and  Leiewel, 
t,  xciv,  finds  a  direct  connectioii  l>etweeu  their  work  and  tbat  of  Delislv,  D'Aniillr, 
and  BoDue,  and  says,  also,  p.  Ixxxii:  "Les  notions  canoKraphiqoes  d'AIf^tgsn. 
d'AIbateui,  d'Arzakhel,  paesaient  dans  la  langue  latine,  par  lee  ouvrages  de  Ginxi 
de  Cr^mone{llS7),  de  Sacroboaco  (12S0),  de  Bacon  (1294).  de  Ceoco  (1327). 

'Ibid..u,  123.124. 

'•flantarem,  i,  177,     Leiewel,  Br.  Ed.,  ii,  104.  C  ~,ww^l,> 
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like  clnss,  to  make  way  for  those  coDstract«d  on  the  more  reliable 
uietbod, becau«e  based  ou  scientific  principles;'  and  bis  was  destined 
to  become  the  fandamental  work  to  which  the  maps  of  modem  geogra- 
phers might  be  added  as  a  supplement.^  If  this  Bubstitntioo  of 
Ptolemy's  method  was  at  first  disaetroos  in  prodacing  maps  less  prac- 
ticable and  perhaps  also  less  accurate  than  those  in  vogue  for  mariners, 
it  was  dne  to  the  fact  that  the  mariners  bad  in  their  compass  maps  esag- 
gerated  the  size  and  importance  of  the  bodies  of  water  at  the  expense  of 
tbe  laud.^  Accordingly  it  was  necessary  to  take  this  apparent  step  back- 
wards once  for  all,  in  order  to  establish  for  the  futnre  correct  lines  for 
tbe  development  of  the  science.  For  some  time  there  contiuaed  to  be 
published  maps  of  the  Middle  Age  type,  as  Fra  Manro's  map  of  tbe 
world,  1459,  and  Benuicasa's  nautical  m'lp,  area  147G;'  and  even  at 
times  such  were  issued  in  the  same  work  with  re-productions  of 
Ptolemy's  maps,  an  iu  the  work  of  Andr4  Blanco,'  1436.  But  at  the 
ent)  of  the  fifteenth  century  tbe  work  of  the  great  Grecian  was  so 
widely  circulated,  at  least  among  scientists,  so  generally  accepted, 
tbat  from  that  time  we  may  consider  the  rotnnility  of  the  eartb  as 
scieutifically  estal)lisbei1°  in  Christendom,  and  therewith  the  theory  of 
latitude.  Tbat  was  however  ouly  tbe  beginning.  The  real  latitude 
of  but  comparatively  few  pluces  bad  been  determined,  and  that  gener- 
ally inaccurately,  while  there  still  remained  the  great  work  of  measur- 
ing exactly  a  degree  of  latitude  and  thence  calculating  tbe  size  of  the  ' 
earth. 

Herewith  we  enter  npon  a  new  era  in  the  development  of  geograph- 
ical latitude.  Tbe  firstessential  fortbe  reqnirt;d  accarncy  wasimi^rove- 
meDt  iu  the  iustrumeiitjt  and  methmU  of  astronomical  observation. 
Tbe  gnomon  is  at  bent  bat  a  crude  iiMtrameiit,  and  the  practice  of 
waiting  for  noon  on  the  four  days  of  thu  year  when  the  suu'd  position 
was  accurately  known  hindered  tbe  accumulation  of  observations 
which  is  oet-essary  to  exactness.  Not  only  were  new  instmments  there- 
for invente<l,  but  the  astronomers  tnrned  to  tbe  observation  of  tbe  pole 
star,  by  which  it  is  easier  to  determine  latitude,  and  later  came  the 
tables  of  tbe  daily  position  of  sun  and  stars  in  tbe  heavens,  which 
enables  us  to  determine  with  accuracy  tbe  latitude  any  day  or  night, 


<  Lelewel,  Br.  Ed.,  ii,  125. 

»D'Avez!ic,  300. 

>LeleiTel,  ii,  47,  drswa  lb«  couCrast  as  follows:  "Lb  gdographie  dea  ArabM, 
savaate  mais  embr«iiill(^e,  i^tait  ^uiiaemnieDt  contiDentale;  celle  des  latins  d'axpiSri- 
eoce,  maisiigDliJire,  eiclDsiveiiMntDaDtiqae.  Colle-lik,  snivautles  tfeglea  dela  faaaM 
Mienoe,  snr  des  basea  vicieased,  fODmit  Um  prodailn  vari^  et  discordants,  a'emplit 
d'inextricablM  errenra;  Mtte  acitre,  marchant  vera  le  f^rund  chemiD,  par  dea  aealiera 
itroits  maia  bieo  battoa,  ^bora  I'unique  produjt  ponr  tontes  lea  Acolea  qui  se  dis- 
pntaient  I'exactitnde  de  son  deaain." 

•Lelewel,  Br.Ed.,  ii,  105. 

'Ibid.,  80. 

"OUutber,  Stadien,  1|. 
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provided  the  sky  is  comparatively  fk«e  from  clonda.  Not  only  is  tbe 
poaitioa  of  each  individual  pla«e  of  importaooe  for  tbe  science  of  geog- 
raphy,  bat  the  distance  between  places,  as  well  as  their  direction  odb 
from  another,  is  also  of  great  weight.  So  long  as  navigation  was 
confined  to  coasting,  simple  oompass-directions  and  compass-m^ 
answered  all  necessar>'  reqairement« ;  bat  when  mariners  began  to 
strike  ont  into  the  ocean,  where  they  might  wander  for  weeks  without 
seeing  land,  and  it  was  found  that  the  compass  did  not  always  point 
directly  north,  but  is  liable  to  considerable  variation,  the  old  metliod 
no  longer  sufficed ;  a  method  of  determining  latitnde  at  all  times 
became  a  pressing  want,  which,  as  is  generally  tbe  case,  resulted  in 
oorrespondiog  new  inveutionB.  The  natural  cnriosity  of  civilized  mui 
causes  a  longing  to  know  the  size  of  the  planet  on  which  be  dwells 
This  knowledge  can  be  most  readily  gained  by  measaring  accurately  a 
degree  or  rather  various  degrees  of  latitude.  To  accomplish  this,  gov- 
ernments have  provided  immense  sums  of  money,  and  scientists  bare 
borne — not  only  without  murmur,  but  with  enthusiasm — the  heat  of 
tropical  sommers  and  the  cold  of  polar  winters,  the  winds  and  fogs  of 
tbe  mountains,  and  deluging  rains  in  the  plains,  have  suffered  fnun 
hunger  and  thirst,  and  even  met  bravely  at  their  post,  the  one  nnoon- 
qnerable,  Death.  It  is  to  the  contemplation  of  this  gigantic  work, 
already  continued  for  more  than  three  centuries  and  still  being  vigoi- 
onsly  pursued,  that  we  now  torn. 

It  may  be  well  however  to  say  first  something  as  to  the  prindples 
which  lie  at  the  foundation  of  this  work. 

Position  of  ths  tropics. — It  was  matter  of  very  .early  observation  tbat 
the  sun  changes  from  time  to  time  its  position  in  the  heavens  in  refer- 
ence to  tbe  stars,  and  that  this  change  is  a  regular  one,  and  the  peritxl 
of  time  occupied  in  returning  to  tbe  same  position  determines  tbe  length 
of  tbe  year.  The  path  thus  formed  is  called  the  Ecliptic.'  An  imagi- 
nary line  on  the  surface  of  tbe  earth  formed  by  connecting  those  pointe 
over  which  tbe  center  of  the  sun  passes  vertically  at  noon  on  each  siifr 
cessive  day  of  tbe  year,  receives  the  same  name.  In  conaeotioD  witli 
this  change  of  the  sun's  position,  it  was  noticed  that  the  length  of  tlie 
shadows  cast  ou  the  earth  at  noon  at  different  seasons  of  the  year  u 
variable.*  and  this  fact  gave  the  first  means  of  determining  absolnte 
position  on  the  globe.  Notiug  in  Egypt,  where  no  shadow  was  cast, 
only  ou  one  day  of  tbe  year,  gave  the  position  of  tbe  northern  tropic 
Half  tbe  difference  between  this  point  and  that  over  which  the  sdd 
stood  perpendicularly  when    fiirtbest  south,  (accordingly  when  tbe 

'  BrliuDow,  Astron.,  p.  75,  deflueH  tbe  Ecliptic  as"  derKieis  deader  Hittelpnnkldir 
Sonne,  vom  Uittelpaolit  dec  Brde  geiehen,  im  Laofe  eioee  Jahres  nater  den  Stemta 
von  Weeten  nach  Osleo  besohreibt." 

'That  the  gnu's  ounrae  is  Qol  pftrallel  to  tbeEqnstor  iauid  tobftTebeendiscortml 
by  AoasimaDder  of  Miletos  (Strsck's  Plinius,  lib.  ii,  a  6.  V»l.  i,  p.  73), 
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shadow  at  the  first  poiot  was  the  longest),  gave  the  position  of  the 
eqoator,  or  the  middle  distance  between  tlie  poles.  So  there  was  one 
point  on  the  earth,  viz,  that  of  the  Tropic  of  Oaocer,  apparently  fixed,' 
and  a  relation  was  established  between  the  position  of  the  sun  at  two 
other  points,  and  the  length  of  shadows  cast  on  the  earth.  This  may  be 
called  the  first  fonndatioa  stone  of  scieutifle  geography;  for  without 
such  a  sure  groanding  in  nature  itself,  the  science  is  impossible.  Pre- 
sopposing  that  the  rays  of  the  sun  come  to  us  parallel  to  each  other,  it 
happens  from  the  nature  of  a  sphere  that  the  ratio  between  the  length 
of  a  shadow  at  noon,  oast  'by  an  object  perpendicular  to  the  plane  of 
the  horizon  to  the  object  itself,  is  equal  to  the  ratio  of  the  distance 
between  the  place  of  observation  and  the  point  where  the  snn  casts  no 
shadow.  Having  thought  out  this  principle,  the  earliest  astronomers 
waited  for  noon  at  the  summer  solstice  to  make  their  observations,  and 
somewhat  later  came  to  use  also  the  winter  solstice  and  the  equinoxes 
therefor.  But  the  position  thus  gained  was  not  absolute  and  unchange- 
able, as  the  ancients  supposed. 

In  the  first  place,  accuracy  of  observation  was  not  possible,  owing  to 
defective  instruments;  they  supposed  the  position  of  the  tropic  marked 
by  the  position  of  the  upper  edge  of  the  sun  at  the  summer  solstice, 
instead  of  by  its  center.  And  in  the  second  place,  they  could  not  sus- 
pect that  the  ecliptic  plane  is  itself  subject  to  a  secular  variation  of 
between  one  and  two  degrees  in  about  ten  thousand  years ;  as  a  result 
of  which — during  the  historical  period — the  earth's  axiu  has  been 
slowly  becoming  more  perpendicular  to  the  plane  of  its  course  around 
the  snn.  The  obliquity  is  now  24'  less  than  it  was  2,000  years  ago. 
This  causes  a  slight  approach  of  the  tropics  toward  the  equator  and  of 
the  polar  circles  toward  the  poles.  Syene,  whose  position  was  accepted 
as  marking  that  of  the  tropic,  lay  in  24'^  6'  32"  north  latitude,  and  ac- 
cording to  modem  calculations  was  under  the  edge  of  the  sun  at  the 
SQiDmer  solstice  about  700  b.  c,  when  the  obliquity  of  the  Ecliptic 
was  probably  23°  51'.'  Though  Eratosthenes  determined  with  a  fair 
degree  of  accuracy  the  obliquity  at  23°  51'  iy".5,  the  aucionts  gen- 
erally accepted  the  round  sum  of  24  degrees.  Later  classical  authors 
made  no  improvement  on  this,  and  these  figures  passed  with  the  remaiu- 
der-of  Greek  learning  to  the  Arabs.  Though  the  latter  added  little  or 
nothing  to  the  theory  of  the  Oreekn,  they  were  much  better  observers.* 
Accordingly  we  find  Albatcgnius  in  the  second  half  of  the  nfliib  cen- 
tury observing  with  carefully  divided  parallactic  rules  the  distance 
between  the  snn  and  the  zenith  at  the  solstices.  The  diflference  be 
found  to  be  47°  IC,  from  which  be  determined  the  obliquity  of  the 
Ecliptic  to  be  23°  35'.  Delambre  names  this  "  the  most  trustworthy 
ancient  observation,"  and  comparing  the  result  with  that  of  his  own 

1  L»ter  it  will  be  teen  thai  thia  point  ie  not  stationftry,  bat  alightly  movable, 

■Neglected  to  note  sotbor. 

'OeUmbre,  Astion.  do  xviu*"  sitele,  p.  6.  C  ,^,^,^],-, 
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work  in  1800,  determines  the  dimmutioii  of  the  obliqnity  at  0".d05  per 
aDuam.  He  adds  bovevei'  tbat  one  can  Dot  Bay  tbat  tlie  Arabian 
observation  was  exact  to  the  miuute.'  BemarkiDg  that  their  reBultdid 
not  afrree  with  that  of  the  Qreebs,  the  Arabs  thought  tbat  the  '*  obli- 
quity of  the  Ecliptic  oscillates."' 

However,  it  was  not  uotil  toward  the  middle  of  the  eighteeotb  oentar; 
tbat  the  diminution  of  the  Ecliptic  obliquity  was  generally  admitted.' 
Louville  was  the  first  who  attempted  to  measure  the  amonntof  the  move- 
ment  and  announced  in  ITtOtbe  result,  60"acentary.*  TheeldeiCss- 
sioi  believed  it  to  be  45",*  which  is  practically  that  at  present  accepted.' 
However,  opinions  have  varied  mnch ;  Ximines  in  1756  calculated  it  to 
be  30".^  Hornsby  (1769)  believed  it  to  be  no  more  than  32"  or  31"  in 
theceutury,  although  bis  observations  had  given  i"  per  annnm.*  Ia- 
lande  gives  33".33,  Delambre,  46"  to  48",  as  the  result  of  observationB; 
but  the  latter  accepts  as  the  best  those  of  La  Oaille,  44"  per  ceotoiy.* 

It  belongs  also  to  the  childhood  of  tbe  race  to  have  noticed  that  some 
stars  never  gn  below  tbe  horizon  and  that  one  seems  to  be  stationary, 
round  wbiclr  the  others  revolve.  This  star  marks  the  prolongation  of 
the  earth's  axis  to  the  north,  and  pre-snpposes  its  rays  to  come  from 
an  infinite  distance  and  fall  on  tbe  earth  parallel  to  eacb  other.  It 
happens  then,  from  tbe  nature  of  a  sphere,  tbat  it  can  not  t>e  seen  from 
the  equator,  or  further  to  the  sooth ;  but  in  proportion  to  tbe  didtance 
of  the  observer  north  from  the  eqaator  that  star  appears  above  the 
horizon.  This  fact  gave  a  second  principle  founded  in  natnreon  which 
to  baild  the  science  ot  geography.  This  star  however  is  not  ahso- 
lately  stationary  in  the  sky,  but  itself  describes  daily  a  small  circle,  so 
a  simple  method  whs  iuvented  to  find  the  center  of  this  circle,  whieit 
thei)  should  be  the  absolute  north  pole.  This  was  to  observe  the  alti- 
tude of  any  one  of  the  circumscribing  stars  when  at  its  highest  and 
lowest  points,  t.  e.  at  its  culminations,  and  halve  the  result,  which  gives 
a  truer  north  point.  It  whs  the  good  fortune  of  tbe  English  astron- 
omer-royal, Bradley  (1692-176^),  to  discover  that  even  this  point  is  not 
absdlntely  fixed,  but  describes  periodically  a  small  elUpse.  Even  this 
is  not  a  regular  curve,  for  the  line  is  a  wavy  one. 

Still  a  third  method  of  determining  latitude  was  employed  as  early 
as  the  time  of  Pot<eidonius  {first  century  b.c.)  which  was  howeverat 
first  so  crude  as  to  be  perfectly  unreliable  in  its  results,  but  which  in 
the  end  was  so  far  useful  as  to  call  attention  to  the  fact  tbat  other  stars 

'  Delambre.  Astrou.  dn  XVIii°"  si^cle,  pp.  13, 14. 

'  Ibid.,  p.  aoo.  , 

'  Ibid.,  vii. 
*ibid.,  p.  317. 
>rtid.,p.  262. 
'  Ibid.,  p.  405. 
^  Ibid.,  p.  405. 
"/bid.,  pp.  697,608. 
•/iW.,p.  594, 
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tban  the  circampolar  oaes  can  be  nsed  in  determiuiag  latitade.  This 
method  was  to  observe  oerlaia  stars  which  in  oae  place  just  graze  the 
horizon  and  in  another  appear  higher.  The  altitude  in  the  secood  place 
gives  the  difference  in  latitude  of  the  two  places  of  observation.' 

Instruments. — No  one  art  or  science  is  so  independent  thsit  it  can  stand 
or  fall,  advance  or  retrograde,  without  iudueucingaud  buing  influenced 
by  the  others.  Accordingly  we  find  progress  in  the  knowledge  of  geo- 
graphical latitude  dependent  not  only  on  that  of  general  inforuiatioti 
regarding  the  earth's  surface,  bnt  also  on  that  of  asironomy,  and  even 
of  mechanics,  the  latter  being  necessary  to  increase  aecurncy  of  astro- 
nomical observations,  on  which  all  the  rest  depends.  The  beginnings 
with  two  kinds  of  rude  guoniODS  have  alreaily  been  mentioned.  To 
the  Chinese  was  known  a  third  sort,  more  accurate  becanse  provided 
toward  the  top  with  a  small  hole,  through  which  the  sun  shone,  thn^* 
terminating  the  shadow  to  be  measnred  at  the  point  corresponding  to 
the  center  of  the  sun.  The  Arabs  also  made  use  of  this  sort  of  gno- 
mon, but  it  seems  donbtfnl  if  the  Greeks  ever  came  to  a  knowledge  of 
it.  Eratosthenes  employed  besides  the  gnomon  the  armillary  spheres 
already  mentioned,  with  which  he  observed  the  obliquity  of  the  Ecliptic. 
Farther  progress  was  marked  by  the  introduction  of  the  astrolabe,  the 
first  mention  of  which  is  m;t<le  by  Ptolemy,  who  says  he  used  one 
at  Bhodes,  which  however  may  have  been  invented  by  Hlpparchns.* 
Between  this  and  modern  times,  the  only  improved  instruments  for  ob- 
servation are  the  similar  but  more  complicated  torqnetnm  of  Itegio- 
montanns  (1436-14T6),  and  the  quadratum  geonietricnm,  which  was 
known  to  the  Arabs,  but  is  generally  ascribed  to  the  invention  of  Pnr- 
bach'  (1423-1-161).  In  about  1600,  observations  at  sea  were  much 
improved  by  the  invention  of  a  portable  quadrant  by  the  English  sea- 
captain,  John  Davis.*  In  the  mean  time  theinstruiiientsfornseouland 
were  being  made  larger  and  larger,  and,  though  admitting  of  more  ac- 
curate division,  they  became  unwieldy.  Then  came  the  application  of 
magnifying  glasses,  to  which  Huygbens  first  ap|>lied  the  cross- threatis 
to  mark  the  mutual  focus  of  the  two  glasses  of  the  telescope ;  and  in 
1067,  Picard  first  applied  (in  concert  with  Auzout)  tlie  telescope  to  the 


<  Id  reoeot  times  it  h»8  been  onstomary  to  oUserve  an;  selected  star,  ineosurrtig  Us 
distaDC«  on  the  metidUa  from  Ibe  pole  or  zenith.  TUe  latitude  is  fuaod  by  compAt- 
ing  the  relative  position  observed  with  the  star's  absolnte  positioD,  which  will  be 
foand  in  tables  prepared  for  that  pnrpose.  On  accooni  of  atiiiospherie  refiacCion 
Stan  near  the  zenith  are  now  generally  chosen  fur  aach  observations. 

■Delambre,  Astron.  ancienne,  1, 184. 

)Wolf,GeBch.  Astrou.,  p.  126. 

■  Ibid.,  p.  J7H.  Encyc.  Brit.,  art.  "  Navigation,"  speaking  of  Davis's  The  SeamaWt 
Seereti:  "There  is  a  dran-iog  of  aqnadrant,  with  a  plnmb  lioe,  for  measaring  the  ze- 
nith distance,  and  one  of  a  cnriona  modification  of  a  crosH-staff,  with  which  the  ob- 
server stands  with  his  back  to  the  snn,  looking  at  the  horizon  through  a  sight  on  the 
end  of  the  staff,  while  the  shadow  of  the  snn  from  tbe  top  of  a  movable  pmjection 
falls  on  the  sight  box.  This  remaiood  in  common  nse  till  snperseded  by  Had  ley's 
qnadranl."  L.OO^IC 
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qnadraDt.'  The  great  Englisli  astronomer,  Hadley,  worked  a  r«Tola- 
tioo  iu  observatioDB  of  latitude  at  sea  by  publisbiug  in  1731  the  de- 
ecriptioD  of  the  octaut,*  now  known  by  his  name,*  though  it  was  proba- 
bly invented  by  Newton/  By  means  of  flat-surface  refiectors  ttie  ob- 
server ia  enabled  to  see  apparently  in  the  same  line  the  two  objecb 
whose  angular  distance  he  wishes  to  nieaaure.  The  angle  between  Ihe 
two  objects  observed  ia  measured  by  double  the  angle  formed  by  the  two 
reflectors  of  the  instrament,  acconlii^g  to  a  well  known  law  of  reflected 
light,  which  may  be  expressed  as  follows :  "  The  angle  between  the  first 
and  last  direction  of  a  ray  which  has  suffered  two  reflections  in  the 
same  plane,  is  equal  to  double  the  angles  formed  by  the  reflecting  sur- 
faces."' During  most  of  the  eighteenth  century,  the  English  not  only 
made  great  progress  iu  astronomy,  bat  were  decidedly  the  leading  mech- 
aniciaus,*  so  that  their  instruments  were  greatly  sooght  for,  even  in 
foreign  countries.  The  necessity  of  having  large  instrnments  for  ob- 
serving latitude  came  to  an  end  with  the  invention  of  Borda's  circles 
in  1790.'  This  instrument  was  not  only  made  with  extreme  care  aud 
with  very  minute  divisions',  bnt  its  form  permitted  a  continuous  seriefl 
of  observations,  each  angle  commencing  where  the  preceding  f-uded, 
instead  of  the  instrument  being  turned  back  to  the  starting  poiut  for 
each  new  observation,  as  was  the  case  with  the  sectors.'  In  the  pres- 
ent century  there  have  been  constant  improvements  and  alteratious  in 
the  forme  and  accuracy  of  observing  instraments,  a  closer  considera- 
tion of  which  lies  outside  the  scope  of  this  article.  Thelat«stimprov- 
ment  in  priuciple  seems  to  have  been  the  invention  of  a  reflection  cir- 
cle as  a  substitute  for  the  sextant,  which  is  provided  with  two  nonii, 

■  Delambre,  Aatron.  dii  xviii<»,  ai^l«,  p.  618,  note. 

*Tbe  instrament  in  mality  waa  only  an  oct»nt,  or  formed  an  am  of  45°,  but  ifnee, 
tbroQgh  the  priooiple  of  refieotion,  it  ooold  noaanre  90°,  it  is  oft«n  oallad  Badlej^ 
quadrant. 

'  Delambre,  Astron.  dii  ivm™,  ai^le,  p.  688. 

'  "He  (Newton)  also  inveuted  a  leBecting  aextant  for  obaerring  the  diBtaoco  be- 
tneea  the  moon  uid  the  fixed  stare,  the  aame  in  every  eMeuliat  oa  the  inHtrnmeDt 
which  ia  still  in  everyday  nae  at  oea  nnder  the  name  of  HAdley'a  qnadcant.  Tbi* 
discover;  wasoomtnnnicated  by  him  to  Dr.  Ualley  in  17U0,  bnt  was  not  published  «- 
commnnicated  to  the  Royal  Society  till  after  Newton's  death,  wheo  a  deaoriptloo  of 
it  wasfoood  among  hia  papers."— Enoyc.  Brit.,  art.  "Navigation." 

*Heraehel,  Pop.  Aatron.,  $157.p.  122. 

<Zach,  Hod.  Cor.,  18M,  p.  277. 

'/«(J„p.a71. 

■Delambre  (BBseda8yat%inem^triqae,I,97,9d),thaB  speaks  of  the  possible  aecDiaor 
of  this  inatrument:  "Les  deni  miens  [instrnments]  <Staieot  divis^  en  qnatr«  eests 
degr<te  BDbdivis^  chaaun  en  diz  partite ;  ce  qai  (biaoit  en  total  qnatre  iDillediriilaw 
tracies  snr  le  limbe.  Le  veroieT  les  partagoit  encore  chaanne  en  dli  partite,  eans  l> 
moindre  incertitude,  et  I'on  poovoit  mAmeeatimer,  eaos  ee  troroper  de  deux  ee  Omt. 
les  milli&mes  de  degrfi.  Qnatre  alidades,  ptactes  presqne  h  angles  droits,  divisoieDt 
encore  I'errenr ;  en  sorte  qne  ce  n'est  pas  trop  de  dire  que  I'iDStmmeDt  donnoit  hs 
millidmesde  degrd.  Alnsi,  faisant  abstraotion  dea  errenrs  de  la  diriaion,  on  anmt 
on  angle  k  tiois  on  qnatre  aeoondes  prte,  par  one  senle  observation 
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direct!;  opposite  to  each  other,  by  which  method  each  coanteraota  the 
possible  error  of  the  other.' 

With  the  advance  toward  perfectioa  of  the  instraments  of  observa- 
tion has  nataratly  gone  hand  in  band  tbe  progress  in  the  accnracy 
of  the  astronomical  observations  themselves.  Though  Hipparcbos 
was  farahead  of  his  predecessors  in  the  kind  of  instraments  he  nsed, 
his  observations  were  still  liable  to  an  error  of  half  a  degree.'  Leiewel 
gives  the  latttndo  of  several  places  according  tA  two  Arabian  authors, 
which  vary  in  each  case  three  (!)  degrees  or  more.'  There  is  a  long  dif- 
ference between  this  and  Picard's  results,  whose  obaervatious,  accord- 
ing to  his  own  statement,  did  not  vary  one  from  another  more  than  five 
seconds.*  Somewhat  more  than  a  century  later  Delambre  made  about 
twelve  hundred  observations  to  determiue  the  position  of  one  of  his 
stations,  aud  fbnnd  them  accord  to  within  half  a  secood.*  Another 
series  gave  a  variation  of  only  one-third  of  a  second,*  and  still  a  third, 
consisting  of  eighteen  hundred  observations,  made  by  Delambre  and 
Mecbain,  showed  a  difference  of  bot  one-sixth  of  a  second  in  the  results 
of  the  two  observers.^  These  are  the  achievements  of  the  most  careful 
observations  with  the  finest  instrnmen  ts.  About  the  same  time  Bohnen- 
erger,  writing  of  ordinary  observations  with  the  mirror-sex  taut,  gives,  as 
the  greatest  possible  error  in  observing  the  altitude  of  the  sun,  23.5  sec- 
onds,* a  tremendons  advance  on  clasKical  and  mediaeval  results.  How- 
ever, all  modern  observers  do  not  And  the  saute  happy  agreement  in 
their  observations  as  did  Mechain  and  Delambre.  Even  at  the  begin- 
ning of  this  century  a  complaint  is  made  that  the  latitude  of  the  best 
astronomical  observatories  is  scai'cely  within  three  to  four  seconds  cer- 
tainly fixed,  while  that  of  Paris  had  varied  between  1667  and  1721  a 
quarter  of  a  minute,*  and  that  of  Berlin  still  later  varied  a  whole 
mioDte,  according  to  the  observations  of  two  astronomers.'** 

Taiilet  of  potitions  of  stars. — Of  great  importance  for  tbe  determina- 
tion of  latitude,  are  the  tables  giving  tbe  exact  position  of  the  sun  and 
stars.  Hipparchus  calculated  the  length  of  the  longest  day  for  each 
degree  of  latitude,  and  in  so  far  used  the  sun's  position  for  geographical^ 
purposes.    Bnt  It  is  in  modern  times  that  man  has  first  felt  the  necessity 

■"Besondera  bequem  siad  die  tod  Piator  und  Martin's  erfnodeaen  Beflesiona- 
kreise,  bei  deoeD  der  kleine  Spiegel  dnTcb  eio  Prisma  ersetzt  ist.  Diese  baben  ttber- 
die*  den  Tortbeil,  dass  msa  damit  alle  Wiakel  vod  8°  bis  160°  mesaen  kana"  (Bra- 
mow,  AAtn>D.,  p.  540). 

■  Delambrei  Astron.  ancienne,  i,  lii. 

•Br.Ed.,  i.iWiit.  ^ 

'  Picard,  Hesure  de  la  terre,  33. 

*  Delambre,  Base  du  aysUme,  I,  77. 

*Ibid.,72. 

'  Delambre,  Base  da  ayatdme,  1, 94. 

'OrtsbestinnuDDg,  145. 

•Zacb.,  Hon.  Cor.,  April,  1804,  p.  870. 

'■'/M..P.284. 
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of  being  able  to  determiue  each  day  and  even  moment  bis  latitude;  ami 
with  the  occaaioQ  of  the  necessity,  were  iavented  the  meaos  of  meebug 
it  I^otoDly  were  new  iastrnmeuts  of  observation  placed  at  the  dis- 
posal of  astronomers  and  mariners,  bnt  tables  of  the  daily  positions  of 
sun,  moon,  aud  stare,  have  been  worked  out  with  ever-lDcreasiog  ac- 
curacy, so  that  what  was  once  a  matter  of  impossibility  to  the  best  in- 
formed astronomer  and  matliematiciaD,  viz,  to  determine  aoydayhis 
geographical  yoaition  on  the  earth,  is  now  an  easy  matter  for  any  mar- 
iner of  fair  education.  Though  such  tables  were  constmcteil  by  the 
Greeks  aud  Arabs,  we  mast  look  to  the  Freuch  astronomer.  La  Caille, 
and  the  Germsu,  Tobias  Mayer,  for  the  first  approach  to  accuracy  in 
this  regard.'  The  former,  using  alike  the  work  of  his  predecessors  and 
bis  own  numerous  cbservations,  conati'ucted  about  the  middle  of  the 
1a»t  ceutnry  a  table  of  397  stars,  which  receives  the  highest  praise  from 
Delambre.*  Mayer  took  up  the  work  where  La  Caille  left  it,  and  sim- 
plifled  the  mathematical  formula,  receiving  a  prize  from  the  EngUHh 
government  for  the  benefit  therefrom  to  navigation.  This  work  was 
then  collated  with  the  observations  of  the  astronomer  royal  of  England 
by  the  mathematician,  Mason,  whose  name  iu  America  is  so  well  known 
in  connection  with  the  Mason  and  Dixou's  line.  The  accuracy  of  tiie 
tables  was  thereby  increased  to  such  an  extent  that  Maskelyue  ex- 
pressed the  belief  that  the  greatest  error  would  not  surpass  thirty  sec- 
onds. Later  laborers  iu  the  same  field  have  materially  diminished  even 
this  small  margin  of  possible  error.' 

Refraction  — Several  causes  united  to  make  possible  a  degree  of  acca- 
racy  which  for  ages  was  held  to  be  unattainable.  Among  the  most  po- 
tent of  tlieae  factors  were  the  discovery  by  Bradley  of  the  aberration  of 
light  and  tbe  nutation  of  the  earth's  axis;  and  tbe  great  progress  made 
in  determining  accurately  the  amount  of  refraction  iu  connection  with 
astronomical  observations.  As  the  latter  was  a  matter  of  slow  develop- 
ment, it  may  be  advantageous  to  consider  it  somewhat  more  in  detail. 
Astronomical  refraction  has  been  defined  as  the  amount  wbich  (be  rays 
of  light  are  bent  from  their  entrance  into  the  atmosphere  to  ns.*  Tbu 
first  recorded  notice  taken  of  this  phenomenon  was  aboot  the  time  of 
the  Christian  era,  when  Cleometles,  in  his  work  Circularis  luspectio  Me- 
teorum,  relates  an  account  which  he  had  receive^l  of  an  ec1ii>se  of  tbe 
moon  taking  place  when  both  sun  and  moon  were  visible  above  tbe  hor- 
izon. Though  disposed  to  doubt  the  truth  of  the  story,  he  gives  a  pos- 
sible explanation  of  the  phenomenon  in  remarking :  "  Even  as  a  ring  in 
a,vessel  will  be  raised  visibly  above  the  edge  by  water  poured  in,  so 
can  tbesnu  be  seen  by  refraction  when  itls  in  reality  still  below  the  hor- 
izon." *    The  fact  of  refraction  was  known  to  Ptolemy,  and  that  its 

'DeUntbre,  AatroD.  du  xvili'°°  ai^cle,  viii.        *  Ibid.,  TIT. 

■/Hd.,  515.  'Brubns,  StnthlenbrecbiiDK.  6- 

•  Ibid.,  634.  ,  -  T 
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qaantit;  decreases  from  tlie  borizon  to  tbe  zenith,  where  it  disap- 
pears.* However,  though  be  had  a  better  idea  of  the  sabject  than  the 
earliest  of  modern  astronomers,  he  failed  to  discover  any  of  the  laws  of 
its  action.*  Tbe  subject  was  merely  mentioned  by  Sextns  Empiricns, 
in  a  worli  eutitled  Adrersus  Astrologus  (in  tlie  third  century);^  was  taken 
ap  b;  Alhazeu  abont  1100,  in  his  work  on  optics }  then  remained  un- 
noticed till  the  Kuremberger  astronomer,  Waliher,  abont  1600,  com- 
menced to  estimate,  at  least  near  the  horizon,  the  effects  of  refraction.' 
fie  was  probably  tbe  firsl  who  ever  really  observed  astronomical  re- 
fraction, which  be  had  done  before  becoming  acquainted  with  tbe  an- 
cient works  wherein  it  is  mentioned.*  About  a  century  later  Tycho 
Brahe  was  lead  to  a  re-discovery  of  the  phenomenon  while  trying  to  de- 
termine the  latitude  of  bis  observatory.  For  greater  accuracy  he  made 
observations  of  a  circnmpolar  star  and  of  tbe  son  at  tbe  solstices,  and 
found  a  difference  of  four  minutes  in  the  results.  In  a  new  instrument, 
bnilt  with  mora  care  for  similar  observations,  sbowiog  the  same  diver- 
gence, he  believed  tbe  difference  to  be  caused  b;  refraction,  and  fell  to 
making  a  siwoial  stndy  of  tbe  subject,  from  tbe  results  of  which  be  con- 
structed tbe  first  table  of  astronomical  refractions;  but  he  not  only 
missed  an  important  truth,  which  bad  been  already  guessed  by  PtoU 
emy,  viz,  that  refraction  ceases  only  at  the  zenith,  but  he  believed 
that  refraction  for  the  sun  and  tbe  stars  ceases  at  different  altitudes,  and 
foand  the  latter  at  an  end  of  26  degrees  above  the  horizon,  while  at  45 
degrees  the  sun's  rays  still  suffered  a  refraction  of  five  seconds.'  Here 
was  indeed  a  valuable  beginning,  bat  the  whole  matter  rested  npon  an 
empirical  basis ;  for  as  yet  there  was  no  conception  of  the  laws  of  the 
action  of  light.  Tbe  first  of  these,  that  of  the  relation  of  the  angle  of 
incidence  to  the  angle  of  refraction,  was  first  published  by  Descartes 
in  his  Dioptrice,  though  the  honor  of  precedent  discovery  belongs  to 
SnelHuB,  who  unfortunately  died  before  he  could  publish  bis  work.' 
Tycho  himself  remarked  that  refraction  is  not  always  the  same,  but  of- 
tered  no  explanation  of  the  fact.  Oassini  and  Picard  found  that  it  was 
greater  in  winter  than  in  summer,  by  night  than  by  day,  and  by  a  happy 
chance  the  latter  was  led  to  the  true  explanation  of  this  irregularity ; 
for,  observing  once  at  sunrise,  he  found  the  horizontal  refraction  sud- 
denly change  twenty-five  seconds,  which  could  bave  no  other  cause 
than  the  increased  warmth  of  the  air,'  caused  by  the  appearance  of 
the  sun.  Two  other  laws  of  nature  discovered  about  the  same  time 
^ded  materially  in  increasing  the  knowledge  of  astronomical  refrac- 
tion, the  first  t>eing  tbe  one  discovered  by  Edmund  Mariotte,  that  the 

'  Delambre,  Aatroo.  ilu  xviii™'  si^de,  774. 
'BrabuB,e.  ^  Ibid. 

^Delaiubre,  Mtroa.  <lu  xviii*"*,  allele,  775. 
*Delarobr«,  Aatrou.  tin  inoyeu-Afte,  3X0. 
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density  of  the  air  is  proportional  to  the  preasnie  reating  npon  it,  au<l 
the  second,  that  established  by  Hawksbee'a  experiment  in  1702,  vit, 
tliat  the  refracting  power  of  the  atmosphere  is  as  its  density.' 

In  order  to  render  practical — for  determining  astronomical  refrac- 
tion— the  knowledge  gained  by  these  varions  discoveries  it  was  neces- 
sary to  have  the  means  of  arriving  at  the  amonat  of  pressure  od  tlie 
great  body  of  atmosphere  through  which  the  light  comes  to  the 
observer,  and  also  of  measuring  the  temperatare  of  the  atmosphere. 
These  means  were  provided  just  at  the  right  time  by  the  invention  of 
the  thermometer  by  Drebbel  in  163S,  and  its  perfecting  nearly  a  oentniy 
later  by  the  labors  of  Fahrenheit  and  B^anmor ;  also  by  the  (if  p08«ble) 
still  more  valuable  invention  of  the  barometer  by  Torricelli  in  1643. 
Thus  at  the  beginning  of  the  eighteenth  centnry  we  find  all  the  means 
at  hand,  by  which  the  causeandamountof  astronomical  refhiction  were 
to  be  determioed  with  the  greatest  accaracy,  supplying  the  last  reqaiaite 
to  the  exact  determination  of  geographical  latitude.  Halley,  by  his  ob- 
servations iu  1714-'I5,  was  led  to  the  oouclnsion  that  the  chauge  of 
refraction  is  proportional  to  the  cliaoge  in  the  height  of  the  barometer,' 
which  was  for  astronomical  reft«ction  only  the  coDfirmation  of  the  law 
already  proved  for  terrestial  reft-action  by  Hawksbee,  viz,  that  refniction 
is  proportional  to  thb  density  of  the  atmosphere,  while  later  in  the  cen- 
tnry Euler  called  attention  to  t'ae  fact  that  reft^Ktion  is  almost  exactly 
in  the  inverse  ratio  of  the  degrees  of  heat,  when  the  star  is  not  too  near 
the  horizon.^  Thus  a  large  body  of  facts  had  been  gradually  brought 
together^  which  was  then  systematized,  and  thereby  was  made  possible 
the  establishing  of  theories  as  to  the  action  of  light  on  its  way  through 
the  atmosphere.  They  in  turn  became  the  foundation  for  calcnlataog 
accurately  the  amount  of  refraction  when  the  conditions  of  the  observa- 
tions were  known.  The  details  of  the  matter  lie  outside  of  the  scope  of 
this  article;  but  a  few  of  the  most  important  points  are  worthy  of  a 
moment's  attention.  Thoagh  Eepler  brought  his  great  talents  to  bear 
on  the  subject  be  failed  to  add  anything  to  its  elucidation.*  Tobias 
Mayer  (already  mentioned]  was  the  first  to  give  a  rule  for  calcolatiag 
the  amount  of  refraction  in  connection  with  the  variation  of  the  baroin- 
eter  atid  thermometer.'  Oriani  in  1788  showed  that  the  change  of 
density  of  the  air  is  without  iafinence  on  refhiction  from  the  zenith  to 
a  distance  of  70  degrees^  (thoagh  of  course  the  regular  inoremeutof 
density  and  refraction  continues),  and  Laplace  showed  that  the  same 
is  trne  to  74  degrees,^  and  in  fact  he  takes  uo  anconnt  of  the  variation 
of  density  in  his  formula  up  to  80  degrees.*  This  probably  acoonots  for 
the  fact  that  some  early  tables  were  quite  accurate  up  to  that  point,  as 
was  the  case  with  Kepler's.*    The  genius  of  Newton  and  of  Huygbene 
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was  broogfat  to  bear  also  on  this  subject,  and  tboagh  Btarttng  vith  an 
entirely  different  bypothesie,  their  results  were  botb  quite  aocarate. 
The  former,  believing  light  to  be  a  material  sabstance,  sapposed  that 
tbe  heavier  mediam  attracted  more  powerfully  and  thus  produced  re- 
fraction; Uie  latter,  haying  proposed  the  wave  theory  of  light,  tanght' 
that  it  is  more  difficatt  for  the  waves  to  force  their  way  through  a  dense 
mediam  thau  through  one  less  dense;  that  their  motion  is  thereby  re- 
tarded, and  when  striking  the  denser  medium  at  an  oblique  angle  that 
their  direction  is  chaoged. 

The  earliest  astronomers  wbo  oonsidered  the  subject  supposed  the 
atmosphere  of  the  same  density  everywhere,  and  hence  presumed  that 
the  light-ray  was  only  bent  once  and  formed  a  straight  path  through  ■ 
the  air;  but  from  the  time  of  Newton  and  Hnyghens  this  idea  was 
shown  to  be  untenable  and  that  the  path  is  really  a  curve.  What  the 
exact  nature  of  this  curve  is  it  is  extremely  difDcnIt  to  determine,  on 
account  of  the  presence  of  a  large  number  of  possible  disturbing  ele- 
ments. With  the  gradual  increase  of  accuracy,  the  older  tables  of 
Oassini,  Bradley,  Berg,  aud  Bnrckhardt  and  others  have  given  way, 
one  after  the  other,  to  ever  newly  appearing  ones.  The  present  ones  of 
Laplace,  Bessel,  Schmidt,  and  Ivory  are  models  of  accuracy  and  fully 
answer  the  needs  for  furnishing  the  amount  of  refraction  in  all  cases.' 

Progresi  of  determining  the  latitude  of  fixed  points. — At  the  renais- 
sance of  geography,  almost  the  entire  political  face  of  Europe  was  found 
changed  from  what  it  had  been  when  Ptolemy's  work  was  written.  In 
that  work  but  few  latitudes  bad  been  given,  and  these  were  generally 
seriously  lacting  in  exactness.  The  Arabs  had  added  cousiderable 
thereto,  but  in  the  region  foreign  tothose  with  whom  the  advauoemeat  of 
the  science  now  rested.  At  first  the  modern  geographers  dared  not  dis- 
pute the  authority  of  the  great  master,  and  the  first  to  print  a  map  with 
corrections  offered  therewith  excuses  for  breaking  with  the  tradition. 
The  need  of  aceorat«ly  fixing  latitudes  was  soon  felt.  The  gnomon  was 
revived  and  made  larger  »nd  better.  Evenaslateas  tlieelderCassini, 
a  gnomon  of  20  feet  in  height  was  used  to  determine  the  latitude  of 
Bologna;*  and  still  Iater(t744)  Leraoiinier  added  to  bis  gnomon  a  burn- 
ing glass  of  three  inches  diameter  aud  80-foot  focus,  by  means  of  which 
latitude  could  be  as  accurately  determined  as  by  the  great  quadrants 
of  the  time.'  But  the  days  of  gnomons  were  numbered,  and  the  newer 
instruments  took  precedence.  There  followed  a  general  improvement  in 
tbe  determination  of  latitude  by  observation,  a  few  examples  of  which 
may  be  of  use  to  show  the  rate  of  progress. 

Surveys. — In  the  history  of  geographical  latitude  the  most  conspic- 
nous  rAIe  has  been  played  by  the  surveys  which  have  been  made  to 
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determine  the  length  of  a  decree,  and  therefroro,  by  further  dedactiona, 
the  size  and  form  of  the  earth.  The  principal  aim  of  tbia  great  work 
was,  to  be  sare,  parely  scientific;  but  that  it  has  a  most  practical  appli- 
catioD  also  is  pithily  stated  by  Maupertnis  as  follows :  "  Sur  dee  roatn 
de  100  degr^s,  en  longitude,  od  commettroit  des  erreura  de  plusdeS 
degr^a,  si  uavignant  sur  la  spb(Sro!de  de  Newton  on  se  croyoit  wa 
celai  da  livre  De  la  grandeur  et  figure  de  la  terre:  aud  combien  d« 
vaiaseanx  out  p^ri  poor  des  erreuni  moins  considerables.'  For  ages 
those  who  believed  in  the  rotundity  of  the  earth  thought  it  to  be  > 
perfect  sphere;  but  in  the  seventeeath  century  tbe  two  great  physicists 
of  tbe  day,  Newton  and  H  uyghens,  again  starting  with  different  hyiwtli- 
eses,  came  to  a  like  result,  viz,  that  the  earth  is  not  a  true  sphere,  bat 
rather  a  spheroid,  flattened  toward  tbe  poles.  Tbe  auooancement  of 
these  theories,  nearly  at  the  same  time  (16S6  and  163S,  respectively), 
caused  great  excitementamongthe astronomers  and  geograpbers ;  two 
camps  were  formed  couteudiug  respectively  for  the  old  and  the  new 
theory  and  each  demanding  proof  of  its  theory  by  surveying:  for  if 
the  earth  is  flatter  toward  the  poles,  a  degree  of  latitude  will  be  longer 
Dear  the  pole  than  near  tbe  eguator.  France,  which  was  already  tbe 
leading  country  in  such  work,  offered  a  good  fleld  for  it;  the  French 
astronomers  were  eager  to  uudi-rtake  it,  and  Louis  sit  authorized  the 
survey  of  a  meridian  extending  throughout  tbe  land.  Tbe  northetn 
and  sonthern  stretches  being  pnt  nudcr  leading  specialists  for  survey, 
the  result  showed  tbe  degree  to  be  longest  in  the  southern  sectiop ;  a 
repetition  only  conflrmed  the  result.  If  the  surveys  were  correct,  tkis 
proved  the  earth  to  be  elongated  toward  tbe  poles,  instead  of  flattened. 
Great  was  the  delight  of  tbe  French  at  this  defeat  of  tbe  foreign 
theorists.  But  the  latter  contended  that  the  matter  was  by  no  means 
settled ;  that  the  only  sure  method  would  be  to  make  surveys  uear  the 
equator  aud  near  the  pole,  and  await  the  result.  This  plan  was  carried 
out  during  tbe  first  half  of  tbe  eigbteeoth  century,  and  resulted  in  the 
complete  triumph  of  tbe  defenders  of  the  theory  of  flattening  toward 
tbe  poles.  This  point  settled,  tbe  earth  was  still  supjtosed  to  be  a  per- 
fectly symmetrical  figure;  but  as  surveys  became  more  extensive  and 
more  accurate  there  appeared  inequalities  which  were  not  com]>atJble 
with  that  theory,  and  it  is  now  generally  accepted  that  beyond  tlie 
irregularities  of  mountains  and  valleys,  discernible  toevery  eye,  the  geo- 
detic form  of  the  earth  is  also  irregular. 

We  have  already  seeu  that  astronomy  gives  ns  tbe  means  of  deter- 
mining accurately  and  with  comparative  ease  the  latitude  of  any  one 
place.  If  then  tbe  latitude  of  two  places  which  are  on  the  same  merid- 
ian is  known  aud  tbe  distance  between  tbem  is  accurately  measured, 
supposing  tbe  eartb  to  be  a  perfect  sphere,  a  simple  arithmetical  cal- 
culation will  give  the  earth's  circumference;  for  the  latitude  beiog 
expressed  in  degrees,  of  which  360  form  tbe  circumference,  the  distanw 
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between  tbe  points  of  obaervatiou  will  be  to  the  entire  circumference  as 
the  difference  id  latitude  is  to  360  degrees.  The  earth  being  a  spheroid 
mabes  the  calculation  macfa  more  cotnpltcat«d,  though  the  same  princi- 
ple of  proportion  between  distance  and  degrees  of  arc  remains  as  tbe 
basis  thereof.  But  inasmuch  as  it  is  known  that  the  earth  has  consider- 
able irregularities,  it  is  not  possible  to  determine  its  exact  form  from 
one  or  two  measuretl  linen;  bnt  for  entire  accnracy  the  whole  surface  of 
tbe  land  should  be  snrveyed.  To  carry  out  as  fiir  as  possible  tbia  object, 
there  was  formed  in  1S6I,  tbe  Middle  European  Commission  for  meas- 
uring degrees. 

This  commission  working  steadily  from  year  to  year  will  gradually 
cover  tbe  entire  surface  of  Europe  with  a  net-work  of  surveyed  tri- 
angles, and  thus  be  able  to  add  greatly  to  oar  knowledge  of  tbe  true 
form  of  the  earth. 

The  improvement  in  measuring  distances  on  tbe  surface  of  tbe  earth 
bas  kept  equal  pace  with  the  advance  in  astronomical  accnracy.  The 
ancients  accepted  the  distances  as  reckoned  by  travellers  or  at  best  the 
land  measurement  of  government  employes  on  a  line  not  straight. 
The  Arabs  measared  one  or  more  lines  of  a  degree's  length,  by  what 
means  we  do  not  know,  and  with  so  little  accuracy  that  there  was  a 
difference  in  tbe  results  of  three-quarters  of  a  mile.  The  first  measure- 
ment of  modem  times  was  made  in  tbe  sixteenth  century  by  counting 
tlie  revolutions  of  a  carriage  wheel  on  an  ordinary  road.  Finally  in 
1615,  in  The  Netherlands,  was  made  the  first  application  of  trigonome- 
try to  land  measurement,  and  though  the  result  was  not  nearly  so 
accurate  as  that  of  the  wheel  measurement,  a  new  principle  bad  been 
introdnced,  which  was  destined  to  revolationize  investigations  of  this 
nature,  and  by  gradual  improvement  in  its  application,  to  famish  re- 
sults so  accurate  as  to  leave  practically  nothing  to  be  desired.  This 
principle  is  that  which  forms  the  foundation  of  trigonometrical  sci- 
ence, viz,  that  tbe  value  of  a  line  and  two  angles  of  a  triangle  being 
known  the  other  quantities  can  be  determined.  From  that  time  this 
has  been  tbe  method  employed,  with  tbe  exception  of  the  attempt  by 
Mason  and  Dixon  to  measure  an  entire  degree  in  Pennsylvania,  which 
failed  to  produce  an  accurate  result,  and  of  Norwood's  survey  from 
London  to  York  in  tSSl-'SS.  Tbe  best  method  having  been  discovered, 
there  remained  still  tbe  possibility  of  eoormoos  progress  in  accuracy, 
especially  in  two  directions:  (1)  in  measuring  the  angles  of  tbe  tri- 
angles; (2)  in  measuring  the  base-line.  These  bave  now  been  brought 
to  such  |>erfection  that  a  leading  authority  is  of  tbe  opinion  that 
further  improvement  in  this  direction  can  not  increase  tbe  accuracy  of 
the  result  so  much  as  tbe  outstanding  uncertainty  due  to  irregularities 
in  the  form  of  the  enrtb.' 

Before  passing  to  a  chronological  consideration  of  the  most  impor- 
tant surveys  made  to  determine  the  length  of  a  degree,  it  may  be  well 
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to  aay  somethiog  of  the  work  in  coiineotiou  with  nieMnring  a  base  Uue 
and  fixing  and  meaaarjng  the  triangles  coDuected  therewith.  Id  the 
first  place,  choosiog  the  ground  for  the  entire  surrey  is  no  easy  mat- 
ter. Two  points  nearly  or  quite  ou  the  same  meridian  should  be  sought, 
which  are  favorable  to  the  astronomical  obserTatlons  necessary  to  de- 
termine their  latilade;  near  the  course  of  the  line  there  shonld  be  a 
convenient  plane,  as  flat  as  possible,  advautageoua  for  running  the  base 
line  io  a  direction  favorable  for  connecting  it  with  the  main  series  of 
triangles,  while  the  tract  as  a  whole  should  be  of  such  a  nat^tre  as  to 
permit  the  making  of  triangles  as  large  as  possiblf,  i.  e.,  furnishing 
high  points  at  long  distances  with  uninterrupted  view,  with  all  the  an- 
gles as  large  as  possible,  for  the  measurement  of  very  acute  angles  is 
more  liable  to  error  than  that  of  large  ones.'  Tne  situation  of  the  base 
line  once  selected,  its  end  points  are  marked  with  the  utmost  care  by 
contrivances  which  vary  according  to  the  ideas  of  the  surveyor.  Id 
order  to  keep  the  true  direction  with  perfect  accuracy  while  measur- 
ing, the  line  is  staked  out  with  the  utmost  care,  wooden  stakes  being 
driven  into  the  earth  at  short  distances,  and  nails  driven  into  the  top 
of  the  stakes  to  mark  the  exact  point  where  the  line  passes.  Then  fol- 
lows the  actual  work  nf  measuring.  That  this  may  be  accomplished 
with  the  most  extreme  accuracy,  a  great  variety  of  rules  have  been  con- 
structed from  time  to  time,  the  standard  of  length  generally  being  the 
toise  of  Paris,  or  of  Peru,  as  It  was  called  after  the  completion  of  the 
Peruvian  survey.  The  first  care  is  to  procure  a  rule  as  nearly  as  possi- 
ble just  so  long  or  double  so  long  as  the  standard  and  determine  its 
absolute  length.  Then,  since  tbe  substance  thereof  (of  whatever  sort) 
is  liable  to  variation  of  volume  dependent  on  chaogeof  temperaturt',  ex- 
periments must  be  made  to  establish  tbe  amount  of  this  variation,  and 
a  thermometer  is  so  attached  as  to  give  the  temperature  of  tbe  iuBtru- 
meut.  There  must  be  an  attachment  to  the  rule  which  enables  it  to  be 
placed  at  a  perfect  level,  or  if  not,  then  to  measure  the  amount  of  tbe 
declination.  An  arrangement  for  placing  it  firmly  ou  the  ground  and 
at  the  same  time  lor  changing  its  level  must  also  be  thought  out  and 
coustmctett  Furthermore,  since  it  is  practically  impossible  to  place 
one  heavy  rule  against  another  without  displacing  more  or  less  the  ooe 
already  in  aitu,  ingenuity  has  been  taxed  to  invent  methods  by  which 
the  main  rules  could  be  placed  in  line  without  touching  and  the  small 
intervals  be  accurately  measured.  This  difflcnlty  can  be  obviated  by 
the  applicatiou  of  the  principle  of  wheel  measuremeut,  by  wbicb,  a  jter- 
fectly  smooth  way  being  constructed  between  the  two  points  whosedis- 
tance  is  to  be  measiiredi  a  cylinder,  of  special  oonstroction,  the  length 
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of  wbose  oimumferetice  is  accurately  kuown,  is  rolled  over  the  way, 
thus  prodaciug  tbc  effect  of  a  eootinuous  rule.  This  has  beeo  applied 
with  good  result,  though  it  has  oot  beeu  used  frequeutly.  As  the  work 
of  measurement  can  not  be  cotnplet^id  io  oue  day,  it  is  uecessary  to 
mark  with  care  the  place  of  quitting  at  eveniug,  for  commencing  in  the 
moming.  Tbis  is  dune,  when  measuring  with  rules,  by  droppiog  a 
plumb  line  from  the  end  of  the  liist  role  placed  at  eveniug  and  mark- 
iog  tbe  spot  where  it  falls  on  a  plate  sunk  into  the  ground,  which  is 
then  carefully  covered,  so  that  neither  storm  nor  wandering  beast  can 
cfaaoge  its  position  during  tbe  night.  With  all  these  precautions  and 
the  most  careful  noting  of  every  circumstance  that  can  in  tbe  least  in- 
fluence the  result,  the  line  is  generally  measured  twice,  and  as  a  con- 
trol of  the  accuracy  of  the  measurement,  there  is  often  measured  aseo- 
end  line  distant  ttom  the  first. 

Added  to  this  is  the  labor  of  mnniDg  tbe  net  of  triangles  between 
the  ends  of  tbe  Hue  to  be  surveyed  and  connecting  it,  as  accurately  as 
possible,  with  the  base  line.  The  points  for  the  angles  of  the  triangles 
having  been  selected,  there  are  tbe  necessary  preparations  for  observa- 
tions 10  be  made,  iucluding,  where  necessary,  tbe  building  of  wooden 
towers  of  greater  or  less  height  As  the  summits  of  mountains  are 
frequently  selected  therefor  the  difBculties  of  procuring  all  ueocssaries 
of  life  and  for  tbe  work  are  thereby  materially  iucreased,  while  the 
violent  action  of  the  elements  oft«n  disturbs  and  sometimes  destroys  tue 
work  of  a  long  period.  Tbe  st-ations  established,  it  remains  to  measure 
tbe  angles,  not  only  once,  but  a  nnmber  of  times;  and  not  only  two 
angles  of  each  triangle  (which  theoretically  would  be  ^ufBeieut),  but  in 
order  to  insure  tbe  greatest  possible  accuracy,  all  three  arc  measured 
with  extreme  care.  For  this  work,  the  iraprovement  in  signals  and 
instruments  has  beeu  immense. 

These  surveys  have  led  to  some  valuable  observations  on  the  varying 
oonditions  of  the  atmosphere.  Perhaps  tbe  most  interesting  of  these 
after  those  relating  to  refraction  are  those  which  prove  a  periodic  dis- 
turbance or  movement  in  the  atmosphere,  even  on  so  called  still  days. 
There  are  four  phases  daily,  two  of  agitation  aud  two  of  quiet.  Tbe 
period  of  greatest  quiet  or  of  least  motion  is  in  the  night,  for  which 
reason  it  has  often  been  found  advantageous  to  make  tbe  observations 
at  that  time,  using  artificial  lights  as  signals.* 

After  tbe  angles  have  been  measured  it  is  necessary  to  calculate  the 
difference  in  altitude  of  the  various  observing  points,  in  order  to  reduce 
all  to  the  same  plane,  when  these,  together  with  the  base  line  itself,  are 
reduced  by  elaborate  mathematical  calculations  to  the  level  of  the  sea. 


'  An  ezaellent  illnstratioD  of  tbis  wm  given  in  carrjiDg  tbe  Frenoh-Spuiisb  DMiid- 
Uu  bi  the  Bkleario  Islaodi.  "Die  Dref  eokB-Seite  vou  Sierra  Mortlla  bi*  SUla  de 
ToT*Uat  aaf  Mayorcft  betragt  93080  Toiaeti.  Ein  eiuiigca  Reverbtrt  auf  Msjona  bat 
niBQ  anf  deiapanitohsD  KlUte  mit  FernrShten  dre;  Stnndea  laug  guebao."  Zacb, 
Men.  Cor.  JdhIdb,  1603,  p.  569.  As  earl;  as  tbe  time  of  Picnrd  it  was  fonnd  adTkn- 
tageona  to  aae  fire  alguaU  «t  cigbt.    S«e  Picard,  Ueanre  d«  U  terra,  p.  ^  .(^)(^)^le 
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OD  which  level  and  cUaoged  to  an  arc  the  length  of  the  lioe  vhose  valne 
is  songht  is  determioed. 

There  still  remains  the  aBtrononiical  deterniinatiou  of  the  latitude  of 
the  end  points  of  the  sorveyed  line,  which  is  done  by  a  great  QQmber 
of  observations,  the  mean  is  accepted  as  the  final  result.  The  diflfer- 
ence  in  latitude  compared  with  the  length  of  the  sarveyed  hne,  gives 
the  mean  length  of  a  degree  of  latitude  in  Ibe  meridian  line  snrrejed. 

More  than  two  thousand  years  have  elapsed  since  the  first  scieotifle 
attempt  to  measure  the  size  of  the  earth.  Interest  in  the  matter  hta 
increased  with  the  spread  of  knowledge,  while  vast  improvements  in 
science  and  art  have  grailually  rendered  posaible  the  solving  of  the 
problem  with  great  accuracy.  The  commencement  of  this  grand  work 
was  made  hy  Eratosthenes  (276-196  B.  o.),  the  librarian  of  the  fomoas 
library  at  Alexandria  and  a  man  whose  talents  found  occupation  in 
several  fields  of  science  and  art.  Accepting  the  common  belief  that 
fdyene  was  on  the  Tropic,  he  observed  at  Alexandria  with  Che  hollow 
gnomon  at  the  summer  solstice  and  found  the  shadow  to  be  one  fiftieth 
of  the  circumference.  The  distance  between  the  two  places  he  valaed 
at  6,000  stadii,  from  which  he  deduced  tbe  earth's  circumference, 
260,000  stadii.  How  he  arrived  at  the  valuation  of  6,000  stadii  ia 
matter  of  dispute.  General  Baeyer,  acconling  to  whose  calcnlatiom 
there  was  a  failnre  in  the  given  size  of  the  earth's  circumference  of 
only  8  geographical  miles,'  says  he  measured  with  rules,  bnt  fails  to 
give  any  authority  for  thestatement ;  against  which  we  have  tbe  aatbor- 
ity  of  Martiatins  Capella  for  the  much  more  probable  statement  tbat  be 
learned  the  distance  "per  ntensorts  reguts  Plolemai,^^  and  of  Strabo, 
who  says  be  calculated  it  from  the  course  of  the  Nile,^  while  Eiepert 
is  of  the  opinion  tbat  he  reacbetl  his  result  by  comparing  many  inaccu- 
rate leugtbs  of  the  ways,  gathered  from  various  sources ;  *  to  all  which 
may  be  added  the  assertion  of  Marciau  of  Heraclea,  that  he  stole  the 
whole  calculation  from  his  predecessor,  Timosthenes.*  However  tliia 
may  be,  tbe  result  remains  tbe  same,  that  in  Eratosthenes's  time  there 
was  an  attempt  by  scientific  method  io  arrive  at  the  size  of  the  earth, 
by  which  the  circumference  was  determined  to  be  250,000  stadii,  to 
which  he  addeil  2,000  stadii,  in  order  to  have  the  convenient  number 
700  for  the  length  of  each  degree.'    One  is  uatarall;  carious  to  know 

'Behm'a  Geog.  Jabrb.,  ItJTO.,  HI,  p.  155. 

*Ztkcb.,  Mod.  Cor.,  1^11,  p.  469. 

>Ideler,  Zoch,  Mud.  Cor.,  Hh;,  IHll,  p.  469-70.  " Nach  Strabo  rechneleeraafdNi 
Laat  des  Nil  von  dem  kleioeD  Ealaract«  in  der  Gegeod  von  Sj'ene  bi«  an  mid'o 
AiisSnu  5,300  Stadien.  -  -  -  Denn  DaiiFillt  veraichertilurcb  ein  genaoeit  Stadiom 
dea  Sgjpt'sohea  TeimiDS.Eniechen  Sjene  and  AleiandTieo  oaob  der  BicbtnnitdM 
Wege  640  rum i ache  Meilen  Oder  5,120  Siadien,  uod  id  geraderBiobtDng  SGOruoiiKh* 
Mellen  Oder  4,480  Stndien  gefandea  ta  faaben." 

•AlteOeog.,  :>. 

^Joaroal  B.  G.  8.,  1839,  ix,  p.  J,  note. 

■Delantbre,  Astron.  ancienne,  i,  921.  Lelewel,  Ofog.  dn  movoD-Age,  ix.  Sprtng^'i 
I,  Ider,  p.  lOer.    OnMeknrd's  Sinbo,  t,  Sll,  215;  lib.  U,  Abt.  Iv,  $  •&. 
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hov  this  first  essay  compares  with  those  made  recently  with  the  appji- 
catioD  of  all  the  meaus  for  securing  accaracy  knowa  to  modem  science. 
TUe  comparison  ia  not  however  so  easy  as  at  first  thought  appears 
and  leading  specialists  are  by  uo  means  iu  aniaoo  on  che  matter.  The 
real  difficalty  lies  in  onr  not  knowing  the  valae  of  the  stadium  which 
was  employed  as  the  standard  of  measure.'  In  order  to  bring  harmony 
into  classical  acoounta  of  distances,  French  authorities  adopted  the 
idea  that  thera  were  different  standards  in  use,  even  to  the  number  of 
eight.*  German  investigators  were  rather  inclined  to  scout  this 
method  as  an  easy  one  for  avoiding  a  dilemma,  while  an  English  writer 
puts  all  differences  down  to  ignorance  on  the  part  of  the  Greeks,  and 
adds :  "  The  more  frequented  the  route,  the  more  populous  the  country 
through  which  it  passed,  the  more  civilized  and  lettered  the  people, 
the  more  nearly  we  find  the  reported  distance  to  approach  that  stand- 
ard [600  Or.  feet]  of  the  stadiunt."'  But  the  excavations  at  Olympia 
have  revealed  the  fact  that  the  stadium  there  was  192.27  meters  long, 
instead  of  176.76  meters,  as  was  earlier  thought  to  be  the  case ;  *  and 
Dr.  Dorpfeld,  one  of  the  directors  of  the  excavations,  assures  the 
writer  that  this  length  differs  fVom  that  of  all  otherstadii  found  in^reece. 
This  proves  at  least  that  there  existed  in  Greece  itself  different  stand- 
ards} bat  whether  there  were  five  or  eight,  or  more  or  less,'  it  is  not 
within  the  province  of  this  article  to  decide.  The  idea  seems  to  be 
modem;  for,  though  some  classical  writers  seem  to  employ  different 
standards,  they  do  not  expressly  mention  the  existence  of  such.  Hum- 
boldt says  he  finds  the  first  trace  of  the  opinion  broached  by  Mosaen 
Janne  Ferrer  in  a  letter  to  Columbus  on  the  means  of  tracing  with  pre- 
cision the  line  of  demarkation  which  should  divide  the  globe  between 
Spain  and  Portugal.* 

With  these  preliminary  remarks  we  tura  to  the  conclosions  arrived 
at,  which  vary  according  to  the  hypothesis  of  each  writ4>r.  The  two 
extremes  are  represented  by  General  fiaeyer  and  Sprenger.  The  first 
finds  an  error  of  only  one  seveu-bundredth  of  the  distance  measured, 
and  says  this  proves  that  the  ancients  went  to  work  with  great  care  and 
understood  quite  well  bow  to  measure,^  while  Sprenger  uiaiutaios  that 
Eratosthenes  simply  re-discovered  the  method  for  measuring  the  size 
of  the  earth,  and  proved  it  mathematically ;  that  he  however  made  no 

'Qaaot  h  ea  diTision  dn  degri  en  TOO  etades,  fllle  d'»  pour  nous  aacDn  attns,  pnisqae 
lieu  He  d^tennioe  le  Btwle  dont  il  g'eat  servi"  (Delantbre,  Boae  dn  aytt^me  m^tiiqaa, 
1,  yj.  "Aaob  KJaaen  wir  nicht  ob  «t  aKyptische  Oder  olfmpisohe  SUdien  meitit*, 
Oder  ob  er  win  PtolemaaB  zwiMhen  beiden  kaineti  Uatenohied  maobte"  (Sprenger, 
Aiuluid,  \li67,  p.  106!i). 

■Ideler,  Zaoh,  Moq.  Cor.,  Hfty,  IBll,  p.  45C. 

Monnial  E.  G.  8..  1839,  ix,  11. 

^Lelewel,  06og.  dn  moyen-Age,  zxi. 

•Meier,  Ztab'a  Mon.  Cor.,  Hay,  1811,  p.  456.  Oroeekard's  Btrabo,  Vorrede,  i.  f .  ID. 
p.  Ixili. 

"Hamboldt,  0<og.  da  xv""  sj^le,  U,  337-328. 

'Behan'sOeog.  Jabrb.,iii,  IHTO,  p.  155.   Add  qaoUtioiu  from  Pt.  i,  Ft  I^onli' 
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actaal  snirey,  bat  relied  blindly  od  the  map  of  the  world.>  Betweoi 
tbese  two  extremes  are  foaDd  those  who  prefer  to  take  tbe  resnlts  as 
tbey  ore  reported  to  ns,  and  interpretlDg  them  in  accordance  with  what 
is  known  as  to  the  then  condition  of  science,  come  probably  nearer  the 
trnth.  Thus  attention  is  called  to  the  sources  of  error  in  the  work: 
that  the  length  of  the  arc  between  the  end  points,  Alexandria  and 
Syene,  was  accepted  as  much  greater  than  it  is,  Syene  lying  north  of 
the  Ecliptic;  that  these  places  are  not  on  the  same  meridian,*  and,  ftar- 
thermore,  that  no  accoant  was  taken  of  the  apparent  radios  of  tbe  son. 
With  these  important  sources  of  error  at  hand  it  may  well  be  accepted 
in  accordance  with  the  opinion  of  Lepeins,'  Giinther,*  and  Ideler*  that 
the  error  amounted  to  aboat  14  per  cent.,  for  which  however  conrid- 
ering  all  tbe  cironmstances,  we  are  not  justified  in  complaining  of  the 
work, 

Thoagh  this  was  the  nearest  approach  to  the  truth  made  in  aaoient 
tiines,  there  were  other  figures  accepted  by  various  classical  writeta, 
aod  one  which  later  received  more  general  aooeptanoe  among  tbe  ao- 
otents  and  exercised  more  influence  in  modem  times.  This  is  that  which 
gives  to-the  earth  the  circumference  of  180,000  stadii,  generally  attrib- 
uted to  Poseidooios,  and  probably  verified  by  Simplioins.  Tbe  former 
enters  into  considerable  detail  also  as  to  how  he  arrived  at  another  re- 
sult, 240,000  stadii,*  and  then  he  r^eots  it  without  explanation  in  fkvor 
of  the  mach  smaller  and  less  accurate  estimate,  namely  180,000  stadii. 
SimplicioB,  on  the  other  baud,  describes  minutely  tbe  manner  of  arriv- 
ing at  this  result  Tbe  astronomers  sought  ont,  be  says,  two  stars  ex- 
actly one  degree  at>art,  foaud  the  places  where  these  stars  passed 
through  the  respective  zeniths,  and  by  "  operations  "  measured  tbe  ter- 
restrial distance,  finding  it  to  be  500  stadii.^  Delambre  is  positive  that 
this  was  only  imagined  and  never  carried  out*  Botwfaynott  Ac- 
cording to  a  calculation  of  Alexander  von  Humboldt,  this  is  as  nearly 
aooorate  within  7,000  toises  (though  on  the  other  side),  as  the  measure- 
meot  of  Eratosthenes.'  When  one  considers  the  great  crudity  of  the 
means  then  at  command,  it  is  a  perfectly  possible  result  of  an  actual 
measurement.  If  it  rested  on  no  good  foundation,  bow  came  it  that 
the  great  authority  of  Eratosthenes  and  Hipparchns,  still  followed  in 
other  respects,  was  rejected  by  Ptolemy  and  his  snocessors  as  to  thist 


L 1867,  p.  loee. 

'a  Strabo,  lib.  1.  Abt.  it,  p.  99,  An.  2. 
■In  Zsilaoli.  fllr  aegypt.    Spnoh  nnd  Altertbumt-Ennde,  xv.  p.  7. 
<  In  BnndMhan  fUr  Q«ag,  nnd  Statiatik,  UI.  Jabrg.  p.  335,  wlwre  be  gives  »  Huatarir 
i^umti  of  tbe  sabject. 
*Zaoh,  Hon.  Cor.,  Hay,  1911,  p. 474. 

■Sprenger,  Anslaod,  1867,  p.  1067.   This  is  ths  valae  »oo«pt«d  in  Babylon  Urns 
hundred  yean  before  Christ.    Ibid.,  1068. 
'  Idoler,  in  Zaoh's  Hen.  Cor.,  Hay,  1611,  p.  478, 479. 
■Astron.  anoienne,  i,  304. 
■  Hnmboldt,  Q6ag.  dn  xv»  sliole,  n,  336, 327. 

d„:,ip<.-jm,C00<^Il' 
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Aristotle  and  Archiined«B,  for  iostaDce,  thought  the  earth  to  tw  much 
larger  than  the  measuremeDt  d  Eratostheues  showed  it  to  be ;  and 
tbeir  abstract  calcnlationa,  notwithBtaodiug  their  general  (authority, 
gave  waj  in  this  matter  before  the  better  grounded  result.  Is  it  likely 
tbst  this  tatter  would  in  tarn  be  rejected  without  what  was  at  least  sup- 
posed by  the  learned  to  be  equally  well-founded  reasons  1 

Thus  stood  the  mntter  at  the  close  of  classical  times ;  and  the  litera- 
tara  of  the  sabject  was  inherited  by  the  Arabs,  when  they  reached 
tbeir  flourishing  period,  aloug  with  the  great  mass  of  Greek  learuiug. 
One  of  the  eariy  caliphs,  Alipan'.onn  (813-833),  who  took  an  active  inter- 
est in  scientific  matters,  ordered  (A.  D.  827)  the  measurement  of  an  arc  of 
meridian  in  order  to  determine  independently  the  size  of  the  earth. 
Several  different  accounts  of  bow  this  order  was  carried  out  have  come 
down  to  ns  and  vary  uunsiderably  the  one  fironi  the  other.  There 
seem  however  to  have  been  two  separate  and  distinct  measurements 
made,  resnlting  respectively  in  67  and  56}  Arabic  miles  for  the  valne  of 
a  degree  of  latitude. '  As  the  mean,  56^  miles  was  adopted  oflBcially 
for  the  length  of  a  degree.  But  what  was  the  true  length  of  the  Arabic 
milel  It  contained  4,000  so-called  black  cubits;  a  cubit,  4  palms ;  a 
palm,  4  polles ;  and  a  polle,  6  barley  grains  laid  side  by  side.  But  all 
barley  grains  are  not  equal  in  thickness  and  as  this  variable  quantity 
is  the  foundation  of  the  numerical  system,  modem  experts  have  differed 
greatly  in  tbe  resnlting  value  of  a  degree  of  latitude,  the  ouo  giving  it 
at  54,663  toises,  another  at  63,750  toises,  etc*  The  method  of  procedure 
vas  in  each  case  as  follows:  Two  parties  were  sent  to  the  same  atart- 
iug  point  and,  having  there  observed  the  altitnde  of  tbe  sun  (by  what 
means  is  not  known),  the  one  party  measured'  toward  the  north,  the 
other  toward  the  south,  till  by  new  obswvatious  they  found  they  had 
advanced  1  degree,  where  they  ceased  work  and  reported  the  distance 
measured.*  Ebn  Jonnis,  who  fhrnished  the  most  detailed  account  of 
the  operation,  describes  also  the  precaution  necessary  to  injure  accu- 
racy in  the  result,  but  leaves  as  in  the  dark  as  to  v  hetber  or  not  these 
precantione  were  actually  observed.*  Albategnins,  who  in  most  respects 
vas  among  the  most  accurate  of  the  Arabic  scientists,  gives  the  length 
of  a  degree  at  85  miles,  which  however  may  be  the  result  of  a  typo- 
grapbio  error  in  the  printed  translation;*  while  Edrisi  is  said  to  have 

■DeUmbn,  6S,  qiiotM  "AbiUedea"  (Aboolfeds)  as  wjingthat  the  astronomen 
fonud  only  56  miles  for  tba  value  of  a  dcfcree. 

'Sea  Poach,  28  el  i«g.  Delambre,  Aatioo.  dn  moyen-Age,  66. 

*Peecbel  (133)  and  DeUnibre  (76)  give  diffenot  acconnta  of  tbe  manneiof  meaa- 
oring  the  line,  the  ona  bj  rules  and  Btakea,  tbe  otber  by  long  cords,  placing  each 
time  the  end  of  tbe  last  at  the  middle  of  tbe  precoding  to  preserve  a  straight  line. 
Delambre  gives  another  venion,  pp.  97, 96. 

•Delambre,  Aatron.  dn  moyen-Age,  78;  Baaerofeiiid,  Die  Bedeotnng  noodenet 
QradraeaDngen,  p.  10;  Poeeb,  Geachichte  nod  S;at«m  der  Breltengtsd-lIeMKiigeD, 
38  ff;  PeMhel,  Erdknnde,  133 ;  Gtlnther,  Studien,  ete.,  68, 64. 

■Delambre,  Aatron.  da  moyen-Agp,  78. 

*DebHDbre,  AitroD.  da  xviIT"  siicis,  15.  mciti^idi   GoO<jlc 


784  OEOQBAPHICAL  LATITUDE. 

given  75  miles  to  the  degree,^  and  Abool  HaaHan,  66^  miles.*  The 
ueaaaremeut  of  66§  mile!<  to  the  degree,  which  seems  to  hare  been 
most  generally  accepted  by  the  Arabs,'  is  Dearer  the  trnth  than  eitber 
of  the  two  geDerally  accepted  classical  ones,  as  the  error  is  probacy 
only  one-tenth.* 

This,  then,  is  the  best  resnlt  of  Mohammedan  science  added  to  the 
koowledge  of  classical  antiquity.  Christian  Europe  bad  as  yet  done 
nothing  toward  solving  this  problem ;  was  even  disposed  to  regard  u 
hereticalabelief  in  thofonndation  principles  thereof, until circam-navi- 
gatioD  of  the  glfibe  proved  beyond  the  possibilityof  adoobt  the  rotnnd- 
ity  of  the  earth.  In  the  same  decade  in  which  the  first  voyage  roand 
the  world  was  completed,  Jean  Fernel,  a  French  physician,  nndertook  to 
measure  a  degree  of  latitude,  whose  result,  by  a  marrellons  series  of  com- 
pensating errors,  turned  out  to  be  extremely  aucurate.  The  actuality  of 
this  measurement  also  baa  been  doubted;'  but  his  relation  is  so  cir- 
cumstantial in  all  its  details  that  It  seems  difBcuit  to  doubt  bis  having 
in  totality  carried  oat  the  plan  he  describes.  Remarking  that  different 
antbors  give  varying  lengths  of  tbe  degree  of  latitude  and  that  even 
among  the  best,  one  diit  not  know  which  to  choose,  he  determined  him- 
self to  make  the  experiment,  and  he  found  by  a  careful  calculation  tbe 
length  of  a  degree  to  be  (13  Italian  miles,  95^  feet,  which  equal  5U 
Komau  stadii,  45H  feet.*  Taking  from  Paris  a  carriage  on  which  be 
had  made  an  attachment  for  counting  the  revolntions  of  one  of  the 
wheels,  he  drove  on  theroatl  toward  Amiens  which  led  directly  north, 
until  by  observation  be  found  he  had  passed  a  degree  of  latitude.  His 
carriage  wheel  had  made  17,024  revolutions.  The  <)iftmeter  of  the 
wheel  was  6 feet  and  a  Uccle  more  than  6  digits;  hence  the  circumfer- 
ence 20  feetor  4  paces ;  which  gave  for  the  whole  distanoe,  68,096  paces 
or  68  Italian  miles,  90  feet,'  which,  reduced  to  toises  and  taking  into 
account  tbe  alteration  made  in  the  length  of  the  standard  toise  in  1668, 
gives  57,070  toises  for  the  length  of  a  degree  in  the  latitude  of  Paris.* 
Beasel  calculates  that  the  true  length  is  67,055  toises."  According  to 
Picard's  calculation,  Femel  measured  a  line  of  only  56'  36,"  which  short- 
coming was  compensated  by  calculating  the  direct  distance  too  long." 
Peschel"  calls  attention  to  the  fact  that  he  made  an  error  of  twelve  min- 

'  Lelewel,  Breti.  Ed.,  I,  Iviii-ii. 

1  Delambre,  Aatrou.  do  moyen-ftge,  188, 

'Ibid,  66. 

■  pMobel,  Qeach.  der  Erdkunde,  13S,  followiog  Boeckb'a  oalciUatioii.  Baiipmrvind 
thinks  only  6  to  7  p«r  cent.     Die  BedentnoK  inoderoer  OradmeasnngeD,  p.  11. 

>By  SDellios)  «Dd  Peaohel  tbiDkstfaeaQHpiciaii  "Durkllsnbegrttudet"  (Erdkond*, 
p,  394,  D.  3). 

■LaJande,  qaoting  Femel,  Hiatoiru  de  I'Aoad^ie  dee  Sciences,  1787,  p.  217. 

'  f  Hil.,  p.  219.    This  is  5i  ft.  lew  than  above  given  on  p.  217. 

•iMif. 

'Kalender,  ete.,  von  Saobsen,  1876,  p.  58,  or  57,0137  toises,  Pesobel,  Erdkunde,  m 
An.  3. 


"Picard,  Mesnrn  de  la  terre,  ! 
"  Erdknnde,  394,  n.  3. 
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nteeofaroiDbialatita(leofPana,andBanernfeind' calls  it  "eiDen  vol- 
lig  werthlosen  Veraach  die  GrSsse  der  Erde  zu  messeD."  Fate  was 
kinder  to  Feruel  than  his  critics,  and  be  cannot  be  deprived  of  the 
nniqae  honor  of  faaving  first  given  to  the  world  the  nearly  exact  length 
of  a  degree  of  latitude.* 

Almost  a  century  later  (1615)  'Willibrord  Snellins,  a  famons  Datch 
physicist,  made  his  celebrated  trigonometrical  survey  of  a  line  between 
Bergen -op- Zoom,  Leyden,  and  Alkmaor,  which  line,  according  to  bis 
calculation,  has  a  length  of  34,01S.20  perches  of  the  Rhine.  The  dis- 
tance in  latitnde  he  determined  at  1'^  llj' ;  and  this,  compared  with  the 
difltance  surveyed,  gives  a  mean  valae  of  the  degree  of  latitude  of  28,- 
500  perche8=55,100  toises  of  Paiis.^  The  resalt  was,  accordiog  to  more 
recent  calculations,  2,000  toises  too  short,  an  error  of  nearly  3^  per 
cent*  He  himself  was  persuaded  that  the  result  was  not  accurat«  and 
therefore  undertook  a  second  survey  in  1622,  but  vas  prevented  by 
sichness  and  death  &om  completing  it  with  the  necessary  calculations.* 
The  base  line  was  only  826.43  perches  long  (=631  toises  and  about  1 
foot),  an  extremely  short  scale,  consideriug  the  imperfection  of  his  in- 
stmments  and  the  fact  tbat  his  triangles  contained  very  many  acute 
angles. 

The  first  English  survey  of  a  degree  of  latitnde  was  made  by  a 
sailor,  Richard  Norwood,  who  determined  astronomically  the  latitude 
of  London  and  York,  then  measured  with  a  chain  the  intervening  dis- 
tance, allowing  iu  his  calculations  for  the  nnevenness  of  the  laud,  the 
windings  of  the  way,  and  also  for  refraction,  declination,  and  parallax. 
He  found  the  difference  in  latitnde  to  be  2°  28,'  instead  of  2°  25'.  His 
measnrement  gave  367,176  feet  for  the  degree  of  latitude,  which,  allow- 
ing 2.1316  English  yards  to  the  toise,  gives  57,420  toises  as  the  value  of 
a  degree.*  He  had  been  led  to  make  the  sarvey  from  the  practical 
need  of  information  as  a  mariuer,  and  published  the  results  thereof  in 
1637  in  a  work  entitled  "The  Seaman's  Practices."'' 

About  the  middle  of  the  seventeenth  century  (1615)  Father  Biccioli, 
an  Italian  Jesait,  ran  a  series  of  triangles  iu  the  neighborhood  of 
Bologna,  measured  a  base  of  1,094  paces  2^  feet,  and  by  observations  of 
a  number  of  stars  for  determining  the  distance  in  latitude  between  the 
end  points  of  bis  line,  arrived  at  very  different  results,  so  that  taking 

<  Bedflatang,  etc.,  39  n.  'ii. 

*  Lalaude,  H^m.  da  rAe*d.  Roj-.,  1737,  p.  ^2;  Jordan,  VamiBHunsBkiiDde,  ti,  4. 
'Caatlnl,  Grandeor,  etc.,  364. 

*  PMchel,  Erdkunde,  396.  Baaemfeind  (as  Above,  p.  39,  d.  30)  Mf  s  i  of  tbe  error 
was  in  the  geodetic  work, }  in  tbe  astronouical  obaerratiooB. 

*  Baaernfeiud,  15, 16. 

*  Fewhel,  Erdkande,  395,  □.,  quotes  Uaopertais,  Figare  de  la  terre,  p.  Tiii,  u  giv- 
tag  *•  tbe  rMnlt  of  this  snrrer  367,196  feet=!i7,300  toiges  for  the  decree  of  Utitade, 
an  erldeot  arjtbmetioal  error  [a  redaeing  to  toisea,  even  if  tbe  unmber  of  feet  given 

'Tbe  writer  adopts  tbe  occooDt  given  in  the  Eneyo.  Brit.,  art  "  Navigation,"  and 
Jordan,  TermeasQugsknDde,  ii,  p.  79,  for  the  value  of  the  tolse.  (_  ■  O  O  ^  I C 

H.  His.  224 60  '- 
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them  separately  tbe  value  of  a  degree  wonld  vary,  according  to  Cassini, 
troiu  S6,130  toiBes  to  62,000.'  Ktccioli'a  own  calcalatiouH,  oombiningali 
tbe  elemeute,  gave  02,650  toUesforthe  value  of  a  degree,  aa  error  of  10 
per  cent.*  He  seems  not  only  not  to  bave  observed  all  three  angles  of 
each  triaugle,  bat  also  to  bave  employed  very  acate  angles,  even  as 
small  as  two  degrees,  which  practice,  as  before  remarked,  iDcreases 
greatly  tbe  liability  to  error. 

The  year  1669  is  memorable  as  that  of  the  first  survey  which  is  used 
as  a  starting  poiut  for  the  best  of  modern  work.  It  was  coudncted  by 
Jean  Picard,  a  French  physicist,  who,  by  improvements  in  instruments 
and  methods,  showed  a  decided  advance  over  any  of  his  predecessors. 
The  line  extended  from  Malvoisine  to  Sonrdon  in  Picardy,  which  points 
were  connected  by  a  series  of  thirteen  triangles,  two  of  which  were 
principally  for  veriScation-^  Cassini  complains  of  bim  that  he  ob- 
served only  two  angles  in  each  two  triangles,  and  only  one  angle  of  a 
third  triaugle.*  This  serves  to  show  that  np  to  that  period  even  tJie 
most  careful  savant  had  not  arrived  at  the  recent  conception  of  extreme 
accuracy.  Gassioi  himself,  as  we  shall  see  later,  mgde  a  snrvey  which 
was  by  no  means  fbnltless.  Picard  based  his  caloulatious  on  the 
measurement  of  two  base  Hues,  each  of  which  he  measured  twice.  Tbe 
principal  one  was  on  the  highway  from  Villejnive  to  Juvisy,  the  ad- 
vantage of  which  for  the  bane  line  was  one  of  tbe  reasons  for  cboodDg 
this  region  for  tbe  survey.'  Here  he  measured  with  two  wooden  rules, 
each  4  toises  long,  a  line  which,  according  to  the  first  measnremeut, 
was  5,663  toiiies  6  feet  long,  the  second,  d,G63  toises  1  foot.  He 
adopted  the  mean  of  5,663  toises.  His  second  base  had  a  length  of 
S,W2  toises.'  His  calculations  gave  as  a  result  57,057  toises  for  the 
length  of  a  degree;  but  he  adopted  the  more  convenient  number  of 
57,060.^  Later  he  remarks  that  on  tbe  ocean  the  length  would  be  8 
feet  less,  but  thinks  this  unworthy  of  cousideration.*  It  may  be  well 
to  add  that  though  he  was  acquainted  with  the  fiict  of  refraction,  and 
discovered  the  influence  of  temperature  thereon,  he  takes  no  notice  of 
it  in  his  calculations,  nor  did  he  make  allowance  for  the  preoession  of 
the  equinoxes  or  tbe  aberration  of  light,  and  was  still  ignorant  of  the 
flattening  of  the  earth  at  tbe  poles ;  consequently  calculated  on  the 
basis  of  the  absolute  sphericity  of  the  earth.  Later  Maupertois  made 
a  calculation  of  the  length  of  a  degree,  baaed  on  Pioard's  geodetic  work, 
but  taking  Into  account  tbe  precession  of  tbe  equinoxes  aud  the  ab- 
erration of  light,  and  found  it  to  be  67,183  toises;'  or  according  to 
another  calculation,  iucluding  the  effect  of  refraction  also,  be  finds  the 
value  of  a  degree  to  be  66,925  toises."    As  Picard  was  the  first  to  ap' 

iCaaaini,  Graudeur,  etc.,  365-6.  'lUd..  3. 

*  JotdaD, yermeaauiigBkuade,  ii,  4.  'Ibid.,  22. 

'  Picard,  Meanre  de  la  torre,  7,  '  Ibid.,  83. 

'Casaiai,  Grandeur,  etc.,  331.  * Haupertola,  CEdtim,  ir,  330. 

*Plaard  Meaare  de  la  torre,  3,  "Ibid,  iii,  167. 
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ply  the  telescope  to  the  quadrant,  be  was  enabled  to  make  more  aooa- 
rate  obBervatioDS  than  hia  predecessors ;  but  it  is  not  to  bo  vondered 
at  that  he  committed  an  error  of  a  few  seconds.  He  acknowledged 
himself  tkac  he  ooald  sot  be  responsible  for  errors  of  2  seconds,  not- 
withstanding his  exactitude,  which  error  would  make  a  difference  of  32 
toises  on  each  observation.'  This  error  however  was  happily  com- 
peoeated  by  his  toise  being  about  one  thousandth  shorter  than  the 
standard.*  Becent  authorities  find  the  length  of  a  degree  at  this 
latitude  to  be  &7,011.825  toises,^  so  that  Picard's  error  amoonted  to 
45.175  toises,  or  0.79  per  cent. 

To  settle  a  point  of  such  importance  Louis  xiv  ordered  (1700)  a 
Borvey  of  a  meridian  line  stretching  throagbont  the  entire  length  of 
France.  As  early  as  1680  a  survey  had  been  commenced  with  the 
ideaof  giving  it  this  extent,  but  had  I>een  discontinoed  without  coming 
to  any  result.  Now  the  line  was  divided  into  two  parts,  the  one  ex- 
tending from  Paris  north  to  Dunkerque,  the  other  fixtm  Paris  south  to 
Oolllonre.  Thu  survey  of  the  first  was  intrusted  to  La  Hire,  and  was 
found  to  have  an  amplitude  of  2°  12'  9"  30"'  *  aud  a  length  of  13S,464 
toises,  which,  reduced  to  sea-level  and  calculating  ou  the  basis  of  the 
sphericity  of  the  earth,  gives  to  the  degree  56,060  toises.  Jacques 
Oaesini  conducted  the  survey  of  the  second  and  much  longer  line,  found 
its  amplitade  to  be  G^  18'  67"  and  its  length  360,614  toises,  which  gives 
for  the  degree57,097  toises.'  Oomt>ining  the  two  surveys,  one  has  a  line 
with  an  amplitude  of  80  31'  11"$,  with  a  length  of  486,156  toises;  this 
gives  as  the  mean  length  of  a  degree  57  ,061  toises,  which  approaches  so 
nearly  to  that  determined  by  M.  Picaid  that  it  was  thought  it  should 
conform  to  it.*  A  base  of  7,346  toises  2  feet  was  measured ''  for  the 
sontbem  division,  which  varied  3  toises  from  "the  calculated  length  con- 
tinned  fh>m  Paris,"  in  consequence  of  which  various  corrections  in  the 
observed  angles  were  made,  by  which  the  result  was  brought  very  near 
{k  txh»  pen  pr^s)  to  that  measured  ou  the  ground.'  For  the  northern 
division,  Picai-d's  old  base-line  from  Yillejuive  to  Juvisy  was  adopted 
without  re-meosnriag,  and  a  second  base-line  near  Dnukerqne.was 
measured  for  purposes  of  verification.  This  had  a  length  of  5,464 
toises  3  feet,'  which  was  within  almost  1  toise  of  the  length  found  by 
calculating  the  line  from  Picard's  base.  All  the  angles  of  each  tri- 
angle of  the  entire  survey  were  actually  observed,"*  and,  for  purposes  of 

>  CBMini,  OrMdeoT  de  la  terre,  183. 

*lIeohaiD,  et  Delambro,  Baaedusyalfeme,  etc.,  1,7. 

■Beowl's  calculations  in  U.  Struve,  Laodkorten,  p.  61. 

•  CaawDi,  Qraadeiir  de  la  tern,  292. 

•  rhid.,  178-lSl.  Quoted  «U  together  Id  HaapertnU,  CEnnw,  iv,  327,  with  9"  30" 
&1m. 

'Ibid.,  302. 
»/Wd.,  183. 
•/Md.,  125,126. 

•  JMd.,  270,  p.  SS7.    He  gives  5,564  toises.  C^nnaln 
'•iMd.,  331.                                                                              nigiti.idi,  Vj<,j».)yii. 
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compariaon,  nine  triangles  of  Pioard  were  alao  inolosed  in  the  net' 
Great  was  the  exaltation  of  the  French,  for  the  resnlts  of  this  napreo- 
edentedly  great  undertaking  ehowed  not  only  that  the  earth  wu  mt 
flattened  at  the  poles,  as  Newtou  and  Hnyghens  tanght,  bat  that  it 
was  actnalty  elongated  in  that  direction.  Donhts  were  naturallj  ex- 
pressed by  the  Newtonians  as  to  the  accoracy  of  the  operations  by 
which  the  resalt  had  been  obtained.  To  satisfy  these  there  were  rqie- 
titions  with  different  instniments  and  different  methoda,  the  entin 
work  continning  at  intervals  Item  1701  to  1736,  and  always  with  the 
same  result,  viz,  that  the  more  southerly  part  gave  the  greatest  lengUi 
of  a  degree.*  Still  the  party  of  theory  was  not  to  be  gnieted,  objecting 
that  the  portions  of  the  meridian  were  too  near  together  to  affoii  is- 
controvertible  proof  of  the  earth's  form,  and  maintaining  th^  tbe 
troe  solntion  coald  only  be  fbrnished  by  sarveyiDg  one  meridiaa  liee 
near  the  equator  and  another  near  the  poles  and  comparing  the  re- 
sults. This  opinion  gradofdly  gained  force,  till  finally  the  Frendi 
government  undertook  to  provide  the  means  for  carrying  out  this  [sroj- 
ect,  and  tbe  French  Academy  of  Sciences  to  furnish  the  specialists  to 
conduct  with  commanding  ability  the  operations. 

For  this  purpose  two  expeditions  were  fitted  out  with  all  tbe  otre 
possible  at  that  date,  to  secure  accuracy  in  the  result  of  their  respect- 
ive surveys.  The  first  set  out  for  Peru  in  1735,  but  did  not  return  till 
1741.  In  the  mean  time  a  second  expedition  had  been  sent  to  Sweden, 
where  it  finished  its  work  and  returned  to  France  in  1737;  the  result  of 
thelatter  survey  as  compared  with  those  in  France  shoved  beytwd  & 
doubt  the  flattening  of  the  earth  at  t^e  poles,  without  awaiting  retoniB 
from  the  equator.  The  instigator  and  chief  of  this  enterprise  was 
the  fomous  mathematician,  Manpertnis,  whoeeqaarrel  with  Yoltaireat 
the  court  of  Frederick  the  Great  is  probably  much  better  known  thHn 
his  perils  and  hardships'  in  surveying  a  meridian  line  which erosses  tiie 
polar  circle.  His  line  was  a  short  one,  extending  from  ^Ttuuea  to  the 
mountain  Eittis,  with  an  amplitude  of  only  57'  23^,"  tbe  mean  reenltof 
the  observations  of  the  same  two  stars  at  both  end  stations.  The  moont- 

'  Caaslni,  Orandear  de  la  terre,  837. 

■Haapertols,  CEovres,  lu,  37. 

>  He  giTOB  ((Euttm,  m,  146]  •  gntphio  deMription  of  Nine  of  bli  trials.  He  mji  : 
"  Je  ne  diiai  riea  des  fatignea  ni  dea  pdrila  de  oetle  ap^ratioo  (meauMT  la  baaa) ;  on 
Imaginera  oe  qae  o'est  que  de  mBrober  dane  nne  neige  h»iite  de  3  pi«da,  ohaig^  da 
penhee  peeantea,  qn'il  folloit  oontinaellemeDt  poaer  anr  la  nelge  et  Mlerec ;  pendiiii 
nn  frold  ai  grand  qae  la  laagae  et  lea  l^vraa  se  gAIolent  aur-le-champ  oontie  la  tasM, 
lonqD'oarooloft  bolradereaa-de-vi«,  qoi  6toit  la  senle  liqaeor  qa'oD  pBttenlraBe* 
Uqnide  ponr  la  bolie,  at  06  8*60  arroofaoient  qoe  sanglautoa;  pendant  nn  (Mdqal 
gSla  lea  doigta  de  qnelqn«a-nns  de  nona,  et  qnl  none  nmoafoit  a  tons  nionieafd'ac- 
oidena  ploa  granda  enoora.  Taodls  qne  lea  eitr^mit^  de  nos  oorpa  ^toient  glacjea,  !• 
traTaUnoiiafUBoitener.  I/ean-de-vieneputaafflre  jknoDBd6aalt^rer;  ilftUntenuM 
dBas  U  glaoe  de«  pnitfl  prolbnds,  qoi  ^toient  preaqae  auaaiUt  refertn^  et  d'oA  Teaa 
poDTklt  a  peine  parvenir  liqnide  ft  U  bonche ;  et  11  falloit  s'expoaer  an  daapnai 
oonbaire  que  poavoit  pcodalra  dans  noe  oorpa  £obaaff6s  cetta  em  njantnil ,  > 
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aiooiiB  nature  of  tlie  regioa  fovored  large  triaugleB,  generally  of  a  form 
advMitageous  to  the  ease  and  aooaracy  of  observation.  Tbe  frozen 
sor&oe  of  the  river  Tornea  offered  an  excellent  opportonity  to  measnre 
a  base  line ;  ao  good  in  fact  tfaat  Manpertnis  neglected  to  take  any  ac- 
connt  of  itB  foil.  Tbis  action  baa  been  censnred  by  later  matbemati- 
ciaos,  who  have  oonaeqnently  corrected  his  result  by  5.355  toises.' 
His  base  line  was  7,406.86  toises  long,  tbe  two  measurements  diSsring 
only  1  inches*  fh>m  each  other.  Calcnlating  from  this  basis,  he  foand 
his  meridian  line  to  be  55,033^  toises  long,  which,  compared  with  the 
amplitude,^  gives  tbe  length  of  a  degree  of  latitude  crossing  the  Polar 
circle  57,138  toises.*  Comparing  this  result  with  Picard's  measnie- 
ment  and  leaving  ont  of  tbe  reckoning  the  aberration  of  light,  which 
was  unknown  to  tbe  latter,  Manpertois's  arc  would  have  an  amplitude  of 
67'  25,"  and  this,  compared  with  tbe  length,  would  raise  tbe  valae  of  a 
degree  at  the  polar  circle  to  57,497  toises  or  437  toises  greater  than  Pi- 
card's  result  in  France;  and,  taking  the  aberration  into  aoooant,  Man- 
pertois's resnlt  differs  950  toises  from  that  which  it  ought  to  be,  follow- 
ing Cassini's  calculations  based  on  tbe  supposition  of  tbe  earth  being 
elongated  at  the  poles.* 

The  expedition  to  Pern  met  with  a  series  of  difficulties,  which,  com- 
bined with  party  strife  and  the  length  of  the  line  surveyed,  detuned  the 
experts  nine  years ;  so  that  the  principal  question,  which  caused  their 
going,  viz,  as  to  the  form  of  the  earth,  was  already  settled  forever  before 
Iheir  retnm,  and  tbe  results  achieved  only  served  to  add  another  fiictor 
toward  arriving  at  exactness  iu  tbe  solution  of  tbe  matter.  A  coaple  of 
Spanish  representatives  also  took  part  iu  the  operations.  Tbe  company 
was  ^vvlded  with  several  quadrants,  on  one  of  which  was  tbe  first 
micrometor  ever  so  applied.*  Their  astronomical  observations  were 
made  with  a  sector  of  i:f-foot  radius,  and  their  base  line  was  measnred 
with  wooden  rules  20  feet  long.  On  tbe  ends  of  these  were  fastened 
projecting  copper  plates,  so  arranged  tbat,  in  measuring,  those  of  neigh- 
boring rales  stood  at  right  angles  to  each  other.  In  measuring,  three 
roles  were  laid  on  the  ground  in  a  straight  line,  level  being  secured  by 
means  of  wedges.  Tbe  line  was  maintoiued  by  means  of  a  stretched 
cord,  and  the  surveyors  bad  to  lie  on  the  ground  '*pour  lea  dispoBer"J' 
They  knew  that  these  rules  were  subject  to  variations  according  to 
changes  in  the  humidity  and  temperature  of  the  atmosphere,  and  found 
themselves  "obliged  to  examine  each  day  and  often  several  times  the 
little  equation  or  correction  that  was  necessary  to  apply  to  them.''*    For 

■  Zftoh,  UoD.  Cor.,  JaoDM',  IBDS,  p.  20. 
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this  parpose  they  bad  a  bar  of  iron  whereon  was  marked  a  toise.  This 
was  kept  in  the  shade  in  the  guard  teot,  bat  do  regard  Beems  to  have 
been  paid  to  the  fact  that  the  iron  also  was  sabjeot  to  constant  changea 
in  length.  In  compnting  the  final  resnlt  an  allowance  was  made  forits 
expansion  by  heat,  probably  for  the  average  tempwatnre  of  Pem  above 
that  of  Paris.  This  toise  was  afterward  adopted  as  the -standard  of 
measure  nnder  the  name  of  toise  of  Pem,  and  with  it  all  anbeeqnent 
surveys  have  been  compared.  All  the  angles  of  each  triangle  wen 
actually  observed,  many  of  them  twice,  with  different  instruments  and 
by  different  observers,  aiid  some  of  them  even  three  times.*  Experi- 
ments were  made  to  determiDo  as  nearly  as  possible  the  constant  fsil- 
are  of  the  quadrants,  which  of  course  was  taken  into  account  id  the 
observations,  besides  which  other  correctioDB  were  made  to  reduce  the 
sum  of  all  three  angles  to  180°,  the  amonnt  of  this  last  correctioD  ad- 
dom  reaching  30  seconds.*  The  first  base  line  was  measured  by  two 
different  parties  starting  at  the  opposite  ends,  and  had  au  extent  of  6,273 
toises.  The  second  line,  for  verification,  was  5,269  toises  long,  which 
according  to  Bougner  was  within  3  to  4  feet,  according  to  La  Gondamine, 
witbinone  toise,  of  the  trigooometrically  calcnlated  length.  The  entire 
line  had  an  amplitude  of  3°  7'  3."3,' crossed  the  equator,  and  measured 
176,940  toiaes,  according  to  Bougner,*  or  176,930,accordingto  Gondamine.' 
The  operations  were  carried  on  at  an  altitude  of  more  than  1,000  feet 
above  sea  level,  to  which  all  measurements  must  be  reduced.  Accord- 
ing to  actual  measurement  the  first  degree  from  the  equator  is  56,767 
toises  long,  from  which  2]f  toises  were  subtracted  to  reduce  to  sea 
level,  and  6  to  7  toises  added  for  expansion  of  the  standard  in  the  heat, 
giving  for  the  trne  value  of  a  degree  of  latitude  at  the  equator  66,763 
toises.*  The  entire  operation  was  subjected  to  a  searching  criticism  at 
thebeginniDgof  the  present  century,  in  the  light  of  more  recent  re- 
searches, with  the  followiug  result :  "  Wenn  wir  daher  oach  sorgfilti- 
ger  Erwaguug  aller  vorher  enjrterten  Umstande  der  Ungewissheit  In 
der  Grosse  eines  Breiten-Grades  am  Equator  noch  anf  80-100  Toisen 
festaetzen,  so  glauben  wir  keine  Ungerechtigkeit  gegen  die  frauiSai- 
sohen  nud  spanisohen  MesskUnstler  zn  begehen,  derea  Arbeiten  keinee- 
wegs  ans  Mangel  an  Geschieklichkeit,  sondera  enizig  wegen  TJnvol- 
kommenheitder  damaligen  Instrumente  nioht  den  Grad  von  Genaoig- 
keit  haben  konnten,  der  zn  eiuer  Gradmessnng  erfbrdert  wird."' 

The  next  great  survey  was  also  the  work  of  French  savants,  but  was 
undertaken  for  a  different  pnrpose.  It  was  now  admitted  on  all  sides 
that  the  earth  is  flattened  at  the  poles;  but  there  was  in  France st 
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leaat  a  strong  deaire  for  a  more  correct  determination  of  the  size  of  tbe 
earth  than  had  yet  been  made,  in  order  to  dedact  there&om  a  stand- 
u^  of  measurement  foonded  in  nature,  so  that  if  ever  lost  iC  could  be 
recovered;  and  further  that  there  might  be  a  standard  which  was  in 
'  ita  character  not  iiational,  bnt  aniversal.  This  was  one  of  those  plans 
for  oniTersal  improvement  60  rife  at  the  beginning  of  the  French  Revo- 
lution, and  the  one  perhaps  of  all  which  baa  been  most  permanent 
and  wide-spread  in  ita  results.  The  work  of  carrying  out  the  project 
was  intrusted  to  Delambre  and  Mechain,  two  promioent  scientists  of 
the  day.  They  surveyed  a  meridian  line  extending  fi«m  Dunkerque 
to  Barcelona,  with  an  amplitude  of  9°  iW  24".75,  and  a  length  of 
551,584.72  toiaes.  The  line  was  later  extended  to  Formentera  in  the 
Balearic  Islands,  but  too  late  to  change  the  resalt,  which  had  been 
accepted  for  the  standard  of  measarement.  For  this  survey  the  most 
careful  preparations  were  made  to  secure  the  utmost  accuracy.  Instead 
of  the  old-fashioned  quadrants  and  sectors,  with  their  nuwieldly  balk 
and  subject  to  a  variety  of  changes  from  temperature,  position,  their 
own  weight,  etc,  the  then  newly  invented  repetition  circles  of  Borda 
were  used  with  excellent  result.  The  same  expert  also  provided  rules 
for  meaauring  the  base  line,  which  were  of  a  pattern  entirely  new  and 
capable  of  an  accuracy  hitherto  impoaaibte.  The  measuring  part  was 
formed  of  platinum,  whose,  relations  to  the  toises  of  Pern  and  Lapland 
were  accurately  determined.  Upon  this  a  rule  of  copper  16  inches 
shorter  was  fastened  securely  at  one  eod.  The  ratio  of  expansion  of  the 
two  metala  and  the  difference  of  length  at  a  fixed  temperature  being 
known,  an  obeervatiou  of  the  temperature  and  of  the  difference  of  their 
leogtha  by  means  of  a  vernier  provided  for  that  purpose,  which  was 
fixed  to  the  metal  and  protected  from  the  sun's  rays,  gives  the  amount 
of  expansion  at  the  moment  of  observation.  Here  was  also  adopted 
for  the  first  time  a  plan  which  afterwards  became  universal  in  auch 
operatioDS,  namely  in  measuring  the  base,  to  place  the  rules  at  a  dis- 
tance &om  each  other  to  prevent  the  effect  of  the  shock  of  contact,  and 
measure  carefully  the  interval.  For  this  purpose  there  was  attached 
at  one  end  of  each  rule  a  amall  slide,  accurately  divided  into  hundred- 
thousandths  for  measuring  miuute  dialaaces,  and  provided  with  a 
microscope  for  reading  them.  After  both  rules  were  placed  iu  line  this 
waa  moved  forward  with  the  greatest  care  till  it  covered  the  interval 
between  the  rules,  and  the  distance  waa  at  once  read  off  and  noted. 

Iu  reference  to  tbe  actnal  labor  in  determining  a  meridian  line,  De- 
lambre remarks : '  "  De  toutes  les  operations  qui  oonconrent  &  la 
mesore  des  degr^  dn  m^ridien,  les  observationa  de  latitude  sont  eelles 
qui  demandeut  plus  de  pr^cautiona,  plna  de  aoins  et  plus  de  tempa." 
Aa  an  example  of  the  extreme  care  taken  in  thia  work,  may  be  cited  the 
CMt  that  to  determine  the  latitude  of  the  Panth4on  at  Paris,  Mechain 
and  Delambre  each  made  eighteen  hundred  astronomical  obaervataona, 
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the  results  agreemg  to  the  sixth  of  a  8eoond.>  This  was  toestaMish 
the  exact  position  of  one  point  in  the  middle  of  the  sarreyed  line ;  and 
similar  observations  were  necessary  at  both  ends  of  the  same.  Two 
baae  lines  were  measured,  6,075,90  and. 6,006,25  toises  long, respeot- 
ively.  In  fixing  the  permanent  ends  thereof  and  in  the  work  of 
placing  the  rnles  iu  the  tme  direction,  etc.,  this  survey  fnmisbed  the 
model  for  the  fnturo ;  and  though  more  recent  experts  have  changed 
details  of  practice,  they  have  offered  nothing  new  in  principle^  In 
reducing  the  length  actually  measored  to  the  true  basis  of  the  survey, 
certain  slight  alterations  were  necessary,  which  were  made  with  the 
greatest  nicety.  For  instance,  the  line  of  Melun  was  not  perfectly 
Btnught,  bnt  was  broben  at  one  point  by  an  angle  of  179°  10'  49".09, 
which  necessitated  calculations  to  give  the  length  of  the  corresponding 
straight  line ;  even  the  thickness  of  the  cord  bearing  the  plummet  was 
snbtracted,  and  corrections  for  temperature,  for  inevitable  emws  in 
tracing  the  line,  and  for  the  thickness  of  the  rales,  were  added.'  When 
all  this  was  done  it  remained  to  rednce  this  to  the  arc  of  a  circle  uid 
then  to  sea-level.  Delambre  says  that  the  greatest  error  to  be  fetu:«d  is 
that  of  the  "  vernier  des  laugaettes,"  or  slides  for  measuring  the  inter- 
vals between  the  rutee,  which  error  will  not  surpass  one  inch  in  6,000 
toisee,  it^n;,  of  the  whole  length.'  Work  of  such  nicety  is  necessarily 
slow,  and  it  need  not  surprise  one  to  learn  tbat  it  took  forty -one  days  of 
actual  work  from  9  o'clock  A.  h.  to  sun-down  to  measure  one  lioe,  and 
that  the  greatest  attainable  speed  was  to  place  in  a  day  ninety  mlee 
end  to  end,  or  in  other  words — measure  360  meters.* 

Equal  care  was  taken  in  locating  the  triangles,  as  witness  a  search 
of  six  days  for  a  place  fh>m  which  at  one  time  three  important  points 
might  be  seen  or  the  measuring  an  angle  170  times  (!],  because  of 
the  peculiar  effect  of  the  sun's  light  at  different  times  of  the  day  on 
a  belvidire,  which  formed  the  point  of  a  neighboring  angle.*  With 
Borda's  circle  was  observed  not  only  the  angle  between  the  two  lines 
of  the  triangle,  but  also  the  zenith  distance  of  each  point.  The  size 
of  the  angle  was  determined  by  the  use  of  a  series  of  twenty  angles  in 
favorable  eases,  and  of  repeating  doubtful  cases  at  different  hoars  of 
the  day.*  The  reaaltof  the  survey  was  to  give  to  the  forty-fifth  degree 
of  latitude  the  value  of  67,027  toises. 

Thus  the  eighteenth  century  proved  conclusively  what  the  genios  of 
the  seventeenth  had  only  made  probable  on  theoretical  grounds, 
namely,  the  flattening  of  the  earth  at  the  poles.  It  remained  for  the 
nineteenth  not  only  to  determine  exactly  the  qnaniity  thereof,  but  to 
bring  to  light  another  fact  not  dreamed  of  heretofore,  i.  e.,  that  the 
earth,  even  in  its  geodetic  lines,  has  no  regular  geometrical  figure 
whatever.    This  was  the  finishing  tooch  to  the  dream  of  the  Fytha- 
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gorean  school.  First,  it  was  proven  that  the  earth  is  not  ooly  not 
the  center  of  the  nDiyerae,  hot  that  it  is  merely  as  a  grain  of  sand  in 
the  illimitable  ocean  of  space.  Then  its  sphericity  gave  way  before 
the  genius  of  Newton  and  the  work  of  French  enthnsiasts.  Finally 
the  grada^  increase  in  aconracy  in  all  branches  of  science  deprived 
OS  of  the  last  poetic  idea  as  to  its  form,  stmck  the  death  knell  of  the 
Pythagorean  theory,  and  left  ns  with  the  bald  fact  that  onr  beaatifol 
earth  cannot  lay  claim  to  any  ideal  form. 
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Board  of  Kcgents.    (See  Regents.) 
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SyBtematic  arrangement  of  list  of  foreign  oorreepoodents  by 70 
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Bonn,  UniTersity  of,  sends  diasertations 25,84 
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transferred  to SorgeoD-General's library 3S,S3 
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DisbDrslng  clerk  of  Institntion  appointed 6 

DisbDisemenla  of  pablic  moneys 3 
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Duplicate  spedmens,  distribation  of 46 

Dutch  Gniano,  exchange  agencj  in    . . .... 80 
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Edmunds,  Senator,  amendment  to  bill  relative  t«  Zoological  P»dc 30,  30, 31 
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Erlangen,  Univeraity  of,  sends  dissertations 25,84 
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assumed  by  Government    - 15,16.17 
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convention  at  Biuaaels- 20, 7« 
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cost  of  service 18,74.75,76 

correspondents  of 16,75,76 
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expenses  of 16 
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of  official  docDnients _-_ 20,76 

packages  sent  abroad -- 19,78 

parliamenlary  exchanges 77 
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Hillebrand,  W.  F - -.-- 51 
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Geology  cullection,  principal  acceHsioDS  to  ._ ___ ,. 44 
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work  of,  printed  at  expense  of  Institnlion 11 

Great  Britain,  exchanges  with ■ -..  T7,78 

Greece,  exchanges  with 77,79 

and  Rome,  tims-heepinKin:  Address  bf  P.  A.  Seely 377 

Guadeloupe,  exchange  agency  in 81 

Gnateniala,  exchange  aaencyin 81 

Qnttetadt,  Frof.  Albert,  paper  on  the  national  scientiflc  Institations  At  Berlin.,.  89 

U. 

Habel  bequest,  atnonnt  of -- lii,  2 

Hague,  The,  Netherlands,  depository  of  United  ijtates  official  publications TT 

Ilayti,  exchanges  with -. 77,  TK 

Hamburg,  exchanges  with 77,78 

Hambnrg- American  Packet  Company  grant  free  freight- 21,80 

Hamilton  bequest,  amount  of xix,2 

Haupt,  Prof.  Panl,  designated  representative  to  Eighth  Inlemational  Congress  of 
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